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1. Introduction. 

A glance at the map of the Bombay Presidency (Frontispiece) shows that it is a 
place where ecological conditions vary greatly. The province excluding Sind is 
relative^ long from, north to south, measuring in this direction about 1,100 miles. 
The greatest breadth is about 250 miles and the average breadth is about 200 miles. 
The western boundary of the province is the sea and therefore along the coast one 
gets the customary conditions of high atmospheric humidity and rainfall combined 
with a , moderate daily and annual range of temperature. Since the province is 
comparatively narrow from west to east, one would expect a gradual change in 
climatic conditions as one proceeds inland, but such expectation is upset by the 
appearance of the Western Ghats, a mountainous range whose main ridge runs paral- 
lel to the coast. The effect of this ridge is to cause excessive precipitation on the 
ridge itself and to create a '' rain shadow^ to leeward of it so that there is a sudden 
drop of the rainfall on the eastern side. The isohyets on the map clearly indicate 

this., , . ' . ^ 

The rainfall takes place between June and October, both months included, and; 
is determined by the south-western monsoon. During the months, November to 
May, both included, there is usually no rain. Occasional showers in December or 
April are sometimes experienced. Tlie temperature is at its highest in May, the end 
of dry season, and at its lowest in the months December and January. During the^ 
hottest part of the year there also prevail forcible winds from the west vdxich increase^ 
evaporation from soil and plant. The year falls naturally into the rainy season, tlid 
coVl weather, and the hot W'eather the limits of these periods not va.r)iiig /greatly. 





OHARWAR. 








BURNS, KULKARNI ANB GODBOLE 



4AN. PEB. MAR. APR. MAV. JUN. JULV AUa. SEP. OCT. NOK DEC. 














Wf niflj tiio rainy w‘aBoiii to bo June to Oetobor, the oolil weatlii*i\ Xovornber 

to Fi'liriiary. luwi iJio hot \vejitlo‘r. March to May. 

I1i«* iiiKh^rlyiiig rock in iIm* nuthllo part of tJjo po'^kJcncy m Dccnin trap, a vo!caiiic 
rock of i^roaf trmi and ricptli. It wcathm into a dinintcin’ntcd form cajlccl mumm, 
and fiiiall}" p?ofliK*t‘K wills of vauyin|4 doptln texture ami eoloun most of the soils 
hu'kiii^^ in liiiiniis, none of tlicin ac*i<l and most of them naturally well draiiit*d by lie* 
ynderlyiiig The fioorer soils have imndi partially ciisiHte,<rrate<I roi'k still 

prt*st‘nt. ami large, boulders are not tmeomimm. 

Lnterite, whieh is a inetaniorphic r4H'k and rich in iron compounds, eweurs at 
Mahablchliwar. Belgauiin and Hatnugiri on the ttt]> of trap rock. In the south of 
tiif‘ prcHidi*ncy \ve llial thi^ det*p hhu‘k clayey soil so suitable for cotton ciiltivatioii, 

Jii fhijarat, on tin* Jiortln the tinderlying rock is probably gneiss and '[lossildy 
slates and tlie soil is alluvial and very dc*ep. 

\\V* have said sulii<*ient to indicate that climate ajid soil cemditions arc* variable 
(Diagram I) and a corresponding variability in the, vegetation is to he expected. 
We are concerm^d here with grassland and may say at mice tlnat grassland occurs 
in all the conditions cited, 

Die long dry season (cold ami hot weatlier) at once rules out the Bomliay .I:^rcsi« 
deney as a place for typical grassland in Scliiinperls stuise. ’’‘The phuiti fill gra.ss 
which exists, esmsists of (1) perennial grasses whose aerial parts witluu* and die 
(ami are often burnt) annually, and whieJi persist by th<*ir* subterranean rlu/.omes 
and (2) aimual grasses of varying huiglh of life wliieli pnaluce seed alumt the end 
<d rainy season and tlien di<% their seed lying dormant in the. soil during dry 
jieriod and gernnnating at. the hrt^ak of the next rains. 

ITo sudden change of the landseapi* from kliaki to green wlienthe rains break, 
and the almoBt equally sudden change from green to khaki when tht‘ rains end, are 
phenomena that delimit the, most imjiortant part of tin* Indian year. 

A word or two morti slioukl be said about this period. In t}u‘ Rcuubay Presi- 
dency the rain may occur both in light showers and in clevastiiting cloud-bursts. 
^Tien torrential rains fall there is much run-off and a great deal of erosion occurs 
especially near the Ghats, Tlie rainfall is sufficient in most places to determine 
some type of w^oodland as the climax formation, varying from thorn-forest (mostly 
Acacia arabica) to monsoon forest. Teak (Tectona gmndis) grows on the slopes of 
the Western Ghats though to nothing like the size of Burma teak, and in Kanani 
there is heavy jungle with Tectona grandis^ Dalhergia htifolia, D. ougeinensis, 
Pte^marjms ^mrsupium, Terminalia toynmiosa^ Amcia catecihu, Lagerstmmia indka, 
HardwicMa bimta, Artocarpus integrifolm, Mangifera indica, Pongaynia glabra, 
and Bassia Ixtlijolia, Among the predominating species whc,re the activitii^s of nuui 

Schimpor, A. F. W. Vlm\i Geography upon n Physiologieal }k 174. A <?rasslinul 

dimato jh then composed of tljo followhij^ tdomonts 'Frequent, oven if weak, atmoH]>lu‘n«- 
tions during tke vegetative season, so that the shperfioial soil kept in a moist condition, and furtla.n’ 
a moderate degree of heat during the same jx’iriodd’ 






Fig. 2. Surroundings of Kalas plot. 
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and animals are eairtailed, any axea m the Bombay Presidenc)^ tends to dcivelop 
its appropriate type of mrod land. Cutting, burning, and especially gra^^ing and 
trampling tend to keep down tree-growth and give the grass its chance as a sub- 
climax formation. 

Variations in grassland, including changes in fioristic composition, appear to be 
conditioned chiefly by soil inoistxue, this again depending on precipitation, soil 
depth, texture, and slope. In all the areas stucliexi, succession from xeroplxytic 
to mesophytic grasses is indicated. Conditions determining the occioTence of 
xerophytic species are (1) poor vegetational cover with little power to hold siirface 
water, (2) consequent run-off and erosion, (3) shallow soil and (4) considerable slope. 
Conditions determining the occurrence of Mesophytic species are (1) dense tiifted 
vegetational cover capable of holding the surface water, (2) deep retentive soil and 
(3) flat surface. In all conditions the unrestricted growth of grass is itself the best 
preparation for further improvement since this checks run-off and erosion. Improve- 
ment is, tluu’efore, in geometrical pxrogression. The process has been watched in 
several parts of tlie Presidency and the following sections deal with special areas 

IL Grasslands m THE Deccan. 

Poona itself is >situatecl in the Bombay Deccan and it was natural that this tract, 
in which the writers’ head quarters lay, should get a great part of their attention. 
Moreover, the practical problem here of producing abundant good grass on poor 
land with a moderate rainfall was both pressing and interesting. Tlie stations 
where observations xvere made Were Kalas, Poona, Sirur, Pim|)alga.on Basvant, 
Padmavati, and Pandharpur. 

Of tliese, Kalas is the most important. At Kalas an area of seven acres of the 
worst available soil xvas leased in 1920 and enclosed. The gradual alteration of the 
vegetation wnis studied. In September 1921 and in S'ebruary 1924 accidental 
fires occurred in two patches. From September 1923 strips wxne deliberately 
burnt, grazed and cut. 

Mie nature of the land is showm in Plate I, also showing the curious flat topxped 
hills of Deccan trap characteristic of the geological area. 

Permanent metre quadrats were laid out in six typical places within the fenced 
iflot and the vegetation charted annually in October. Accurate meteorological 
readings were taken on the spot. 

At the end of the hot weather in the grassland of which the Kalas plot is typical, 
there is very little vegetable cover left (Plate II, fig. 1). Cattle have grazed it 
down in the preceding rains and fii*e has destroyed most of the aerial parts. 
Quadrats laid out outside the fenced area and charted in 1924 show^ how iniich 
absolutely unoccxipied space there is in a typical spot ten feet each xvaj. 

'Wkh. stretclies of land are in this condition. Acacia amhica, Opiwlia.- chilioi', 
Zizyjihis jujnha, LcmUina camam, mA Gdialro2ns all being xero]:>liytie trees 





or uliirolis, are the* only !a-rgi* plants viniWr . Ot lierbamm^ plaiitr« wt^ may dificova 
a hw living of TViV/fU' Bfurhmvm Enflmlm alnnmim^ 

ttiifi Tephnmm pi^rpurm. 

Aftm about an iiirh tff min has fallori the %"eniaJ sof*iotivs fiiake tbeir 

a|ij>f»aniiK?e. Tlirf^e of ilio nimnmf^iVa iwiim, Chhmphpfum hiimmmn and 

Ipkigenm piUkki, Tlivao aro liiberoiiB iiiontK^ofyb*^^^^ wbirli iiiako tbf* nicmt of 
the early rainH ami tJicoj rehipm* iriki (hinniiney imdergrritiiKl for the nvt of the 
year. They are f'}iaraeteri«tio of ^tony or rcicky jilacoH with good cjriiiniigi^ Along 
with these we find two cd grasaea of aatooialtiiigly i^arly oiiitiirity. These 

are Omptimm Thwnttym and ihJmrghm$^m. Both are ehararteriEtic 

of the ahallowest ground with riiek nhowing through. Both are dwarf, Ompaium 
being very diniiiiutivo. The mpidity with wdiieh they eoine info flowf.r is extra- 
ordiimry. Both fl<iwer, on the average?, within one month after one iiieh of rain has 
^fal!ea.: '.■■■■ 

KgUinga trkejm (Cy|wacc») is ecjually early. Speeies of the? Coinmelinaeeffi 
are typical of j>oor rocky grmiiid. Of these, Cyam^u tnberma and (.bmimltMa 
ForsMhm are early. CyafM:^is fmeieulaM is nnu-h later. The grasses generally 
make vegetative growth in the early rainy season. Occasionally tin? annual form of 
Afidropym emiiortm flowers at this time, and tve have cd)serve<l early infierreaeenees 
from the perennial stumps of AmlrofM^gon Aioniimk, SepteirilH?r and Oct<fla*r are 
the months in whi«?h the grasses {hover and dry up. Am»rding to the seasonal 
rainfall and the <*onse<jueiit vegetative gre^wth this flowering t ime may vatrv a little. 
A eomplete list of gmm md otliar species found on the Kalas plot is given in an 
;; Appendix.'." ■ ■ ■■ 

There is no further ehmige in the. veg<?tation. but the dead aerial parte and the 
land beneath them n?ceive a scorching in the hot weather, the total effe«?t of which 
is not yet clearly known. Tlioro is, of course, ri?<luctitm of soil moistun.?, which is 
dealt wi.th later. 


Effects of (Mchsure. 

The efiects of enclosure and the consequent protection of the vegetation from 
grazing, cutting and burning have been striking. We shall dml with these first 
briefiy and then in detail 

Generally speaking, the main effect of enclosure lias been to develop a fair stand 
of perennial grasses. These are of two kinds, the kinds being detennined by eda])hic 
factors. 

On the hilly portion the sjiecies that have taken hold are Lsckmnum laxum, 
Andfopogon Mmitimh, and Afidropogon iritke^fs^ particularly the first tivo. These 
have developed dense tussocks (Plate II, fig, 2). All are grasses wc.ll known 
for their occurrence in rocky hilly habitats. Careful search among the boulders of 
^^7 Deccan reveals their stumps. Ordinarily they never get a chance 












in hot weather before enclosure. 




Fig. I. Part tf the maliciously burned area. 
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to develop thick tussocks OR accoiiat of the perpetual grazing and frequent fires to 
which they are subject. We seized the opportt^^ of the accidental fire of 1924 to 
map out a major quadrat of these stumps so as to show their density per unit of 
land surface (Plate III, fig. 1). A rough calculation shows that in the five years 
since we took over the land these stumps have covered about fifty per cent, of the 
ground in the hill portions and there is no reason why with continued protection 
they should not entirely cover the hill portions. In one corner of the Kalas plot 
this has already happened. 

In the low lying portion there is a stand of Andropogon mnulatus and A. cancosus. 
These are growing as a much closer community and hence are not so obviously 
tussocky as the perennials on the hill portion. There is very little bare space between 
their stumps. 

In addition to these two species the grass Iseilema laxum is present in fair amount. 
There is a fairly sharp line of division between the hill grass flora and the flora of 
the low-lying portion. It is a perfect example of the dominating influence of edaphic 
factors. In this case soil moisture and soil texture apparently control the flora. 
It is worthy of note that the grasses mnulatus doadi Andropogm caricosus 

are reckoned as the best wild fodder grasses of the Deccan, Gujarat and the Karnatak. 
Animals prefer these grasses to other species. The cut grass of these species fetches 
' higher prices than that of any other species. 

An unforeseen result of the policy of non-interference with the vegetation on the 
plot was the accumulation of large amoimt of undecayed vegetable matter. We 
originally believed that if we did not cut or graze or burn the vegetation it would, 
under the influence of the weather, turn into humus and so enrich the soil and 
gradually alter the nature of the flora. To some extent this did happen in the 
first two years, but when the grass tussocks became large, the dead culms, being full 
of sclerenchyma, refused to decay, and we got considerable areas between the tussocks 
covered with undecayed dead straw. It must be remembered that succeeding the 
ripening of the grasses are seven months of dry weather, so there - is no moisture in 
air or soil to assist in the rotting of the stuff even if it were less fibrous and more 
likely to rot. It is amazing how it withstands rotting even when the succeeding 
year’s rain falls. So much was this the case that we found that nothing would grow 
under this "natural mulch. In the early rains it prevented the rain from j>^etting at 
the soil. In the late rains it kept the soil sodden, and at all times it was a physical 
barrier to light, heat and growth. Plate III, fig. 2 gives some idea of its nature 
and density. 

A similar phenomena occurred in a quadrat on one of the college rides. In 1920 
this quadrat as enclosed in order to protect a clump oi lndigofera glandulosa mwh^^^ 
a pink mutation had appeared. . The grass at that time was Andropogon pertusus.. 
The quadrat was protected by stout posts and wire netting so. that no grazing took 
place and the grass grew to its Ml height and flower. No observations were made 
in 1921. [u 1922 the Andropogon peHusus had well nigh disappeared and the domi 
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was some of the riidera' SoncJms ar mists, a little Andropogon pjeriusus, ajid some 
Andropogon curicosus tried to jnit out a'.li tie foliage. Tlie.Lfigasca mollis liad s^ireud 
oveivtwB^hirds of the plot by April 25 2). On June 11 the position was 
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Enclosed 1920.. 


Charted 25th April 1924. 


AnthisUria ciiiaia Linn. f. 
Sonclms awensis „ 

Euphorbia piiulifera L. 
Andropogon perimus Willd.- 
Lagasca moUm , Cav. 
Acacia arabka Willd. 

Rhynchosia minima DC. 


o indicates individual plant. 
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tiMicli the same, iiml hy SepP^inber '22114 auly.a small comer wiih iiiiof 4 *ii|iiwi* TIa 
ijiimlmt (Fig. 3) is imw a iiiaas of dead La^mu mfdlk, and it will hn intoesting 
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to see what happens next. The growth in the dry season is explained by the fact 
that water occasionally leaked into the plot from a near-by water chaiuiel. 

To test the effect of this natural mulch on germinati<jn we tried the followihg 
experiment : — 

We selected two places fairly close to each other, one bare and the other covered 
with the debris of old grass, and sowed seed of .4. purpureo-sericeus in both places 
(t.c., on the bare soil and under the mulch). In both places the seed germinated, 
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but after fifteen days the seedlings in tfie bare patch were healthy while those under 
the mulch were very sickly and eventually few survived. 

Additional proof is afforded by the fact that wherever this rubbish was found 
one could detect nothing growing underneath it, or through it. 

It was on this account that we finally decided to try the efiect of burning in 
1923-24. This was done according to the following plan, comparing burning at two 
seasons with cutting, grazing and check plots. 

As we have already mentioned, the fire of February 1924 somewhat upset our 
programme, but all the same the main lines of the experiment were carried out, 
The results so far as they have appeared are as follows : — 

(a) Immediate effects. In the low-lying portion Iseilema laxum^ Andfopogon 
annulatus and A, caricosus began to sprout from the burned stumps 
ten days after the fire, and made rapid progress thereafter. Some of 
the stumps of ^4. a mlatus actually flowered within six weeks of the 
fire. The hot weather of April killed the new shoots and foliage. 
On the hilly portion the only grass to sprout was Andmpogon tritiGeus, 
which gave new foliage within a fortnight. This also died in the 
heat of April. Of the non-graminaceous plants, Evohulus alsinoides, 
Etipliofbia coccinea^ Tridax procumhens and Vicoa auriciilata rapidly 
put forth new foliage. 

{b) Later effects. There was early growth at the break of the rains and a 
greater development of foliage, than in the unburnt portion. Germina- 
tion of seeds of all kinds in the spaces in the burnt area was more dense 
than in other places. 

On the hilly portion between the tussocks of perennial grasses remains much of 
the original type of vegetation of which Andro2)ogon contortus is the main component. 
In addition, w'e find Aristida fimieulata and Aristula Adseenscioms common, along 
with the plants mentioned above as siuviving the burning. 

In certain parts of the hill portion there is a good deal of soil that is still bare in 
the hot weather. In the rains the vernal plants, the non-graminaceous niderals, 
the smaller form of Androjjogon contortus, and masses of Glossocardia linearifolia 
occupy these sjjaces, but after the rains the land is still bare. Such patches ofier 
easy rim-off for the early rains and may give opportimity for erosion. It seems to 
us that regeneration of these very poor soils is bound to be a slow business and to 
depend entirely on the gradual spread of the perennial tussock grasses of which the 
old dead culms, if any remain at the end of the rainy season, must be prevented from 
forming a mulch on the land. Once established, however, it is plain that this type 
of gi’assland will tolerate great drought, grazing, cutting and fires. The essential 
point is that one must allow several years of protection for its full establishment. 
As these stumps grow in diameter somewhat slowly and as propiagation by seed does 
not seem to be very efficient, we tried the increase of these stumps by breaking up 
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one or tmo ok! oiii‘m jii«i jiiautiit^ tJn^ fiOiali htufH|H in ,luly \\i2i. Tin* vary poor 
raiiiK of fJi.il iiioitili fi*st<ii th*‘ir M^'erely Inii in Hpilo of this tlie 

Btniiiph f‘;ii!jr. tliroii|jli a!i right ainl and YrMHinu in nrinljcr, !l i?. worth 

wtiilio I iMn’efuri** in* tin* luiiniNT of stumps hy fins mothoit nii<l rapliHy dos- 

lllg,lj|) tJiil 

Tlio grjish roinnniniyy of tin- mmuhitis typo in thf*hf!trr liov-lyiiig 

iKirlinii ilnvoliifis yiin kh' aiul <irii>oK\ fn its ra>e ail itin* inn^ to do ia toarraiige 
for ii long at tlia iM^giiiniiig iln* troatnanit oj Mioh land and tlian-after hy rota* 
iiomtl griixiiig and rnitiiig nn that tin* stamps art* not oAhaiislotl and killed imt 
and tlm pour jira^sis l»‘t in agaim We dad! return to this <|iiohtioii Tlor on witm 
diBfiiHsing the iniinagoimad of gniNsLuidH. 

The*. iritoiBivo stTidy of the rTiarigos in s’oi^otatinii inado iiptiii the permanent 
ijiiadrats gave ne.veral important indiraK^ns, lu p.ejii ^jx sirigla ^|iiadrats were 
cliarted. In a tlemidod (st*niprd) ami a hmaied pnaalrai wera eIiaHi*d Ireside 
four of thes«‘. and a serajH-d tjuadrat onlv he>id^' oio* oile*:'. 11 m' qimdrar which liad 
no comparison ipiadrat on vmy rocky gronud. Tto* following table shows briefly 
the changes w!ii«di hiue o<‘eurrefi in rotai plants ;U!ti in nninber of >p«'*T/s. 
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'Tile entire lack of. data in. 1922'. is 'due to a change ' ill researcli pcisoimel. . The 
absence of figines for 1923 in Groups II and YI is due to veiy late .mapping. 

Tlie general conclusions readied from the above table. a.re these , 

,(1) Original quadrats. One years, enclosure- 'markedly, increased the trdal 
nimiber of plants. This is probably partly because they were 
undisturbed in their seeding and also because they were not attacked 
during germination and in the seedling stage. Tlie 1924 results show 
a markedly denser population than in 1920. 

(2) Scraped quadrats. Scraping reduces the number of individual plants 

except in Group II. Keco very is rapid, though in 1924 none of the 
scraped quadrats have quite as dense a population as the oiigiiial 
quadrats. They are, however, a year behind the original quadrats. 

(3) Burned quadrats. There is no reduction of species except in Group VL 

Burning, therefore, so far as number of plants m coiicemed left the 
quadrat practically at the stage which it had reached in its first season's 
enclosure. The final figures of burned quadrats in 1924 agi^ee approxi- 
mately with those of the original quadrats. 

(4) All quadrats. Year 1923 seems to have been more favouiuble to density 

of population than 1924. This vars probably due to the fact that 
in 1924 really effective rain was delayed till August. Probably 
many seedlings germinated with the light showers of June and July 
but died in the dry simny intervals. 

General conchmon. The eftectiveness of enclosure in increasing the density of 
plant population in this grass land is clearly demonstrated. 


Change in number of species per quadrat. 
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TIk* geiimi! r»'ui'\lu;d froin tlu* alKiV!» taW<! ara iIivm* : nn. t.lh‘ vvliole 

th^’iv lla^ aii iii nnrnlH'r nf .-.jhM'ii'.s in tin* quadrat.^ iliuugh this 

iiM‘,raasa IK not a risa. Tin* Kt'ra|H'd «juadratK |<rn!i.ibly gav** an axfnllfiit 

«h*uudwl araa nflVrad in iHiira’diat*- ia»!nju/.atiun Ijv all s<a'i.s id >nrds and joaaa' tlM^ 
largi* nuiidKT of sjaa’ii'K in llaait in tlndr first Vi-ar. Huining has ,ha«l nn idlVct m 
mlnctifiii nr iiM/niist'. nf spiades. 

iSiiecanssiciu an :r«na*alatl hy th«‘ cduingn. of KpnriaH in thas** lian taken 

tlic following Course, in tiic dry hilly area with sJudlow soil and nincli ro<*k the 
tendency in for the mil to btatr^ intln^ lirstHtaigc, sjHH'icK of tlie f Viwocc//n#nv«\ then 
tins poor gnisKCH fimja'/isisn ThmtiMn-^ Tripr^nn IhuhuHjhknHtsnml iJravilni //fc/lmar/, 
Thtj next stage is the esta lilishinent of Arisfkh sp»;H‘ie.H {rnlurhi, faninidnhL and 
Atkcen scion w) along with tln^ aimnul form of Aodropogfui noitoiiu.w The n,ext stage 
is the growtii i>f the pereimiul form of Aokropi^tm confoitus. The iinenclt>s<'d land 
never gets beyond this stage and nnist of it is in the Atisiiihi stage wit Ji scattered 
patches of all stages right back to the sheer rock. Weeds and rialts’als occujiy much 
of the ground on winch grass species hare not establishe<l tln.‘mselve.s. (ilosso- 
cm'dia Hneanfolia, Spcnmwme stricta and Zornia diph^jUa foian elosii societies on 
poor groimd. Vicoa aurimlata and Ltucas long ifolia owur in groin rs. dfcigu 
de^isiflora is found in poor shallow soil as a parasite on Andfop^^gon conforto,^. Sopu* 
bia dclphinifolia occurs in tlie moister part as a parasite on Aodropogtm annulaius^ 
Amlfojyogon amcoms and Iseilemi If ighiiL 

Progress beyond this condition (in wdiieh Andropogon con/or/us and Arisiida 
species doniinatCj with remnants of preceding stages interspc*rsed) fjccurs only after 
enclosure. Such progress has taken two distinct linos. On thci hilly slopes the 
perennial tussock grasses Andropogon Monticoki, Andropogon tcitkem and LschoJiHum 
hxum develop strongly, gradually ousting A^idropogon wntoHus mdA-miidu species. 
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On the lower parts where there is a deeper soil and more soil iiioistnre, AmJmpogon 
ammilaiMs^ Andropogon cancosus and Iseilmia laxum form a . dense stand, entirely 
ousting the vegetation of the previous stage. Where v?a ter tends to lie there is 
inevitable development of Cyperaceae and swamp weeds. 

Oilier stations in the Deccan, 

It will be suitable to deal collectively with results obtained at the other Deccan 
stations (Sinxr, Piinpalgaon Basvant, Padmavati, Pandharpnr and Poona). These 
places generally resemble Kalas in climate an soil. In certain places there is 
more or less slope, along with which goes inevitable run-off, erosion, and clennda- 
tion. Wherever cattle have free access the vegetation is siinilar^ — stunted, weedy 
and sxaarse. Where cattle are entirely excluded there is, even on poor soil, a fine 
stand of grass. The most striking example of this is at a village about nineteen 
miles from Nasik called Pimpalgaon Basvant, where there is a common land managed 
by the villagers for their mutual benefit. The soil is poor and shallow. The rainfall 
is 30 inches annually. Prom time beyond the memory of the present inhabitants 
the same system has been followed. A total area of 800 acres is set aside and cattle 
kept off by means of watchmen. The grass on this at the end of the season is divided 
out among the villagers according to their assessment. The villagers say that 
there is no difficulty in working the system, wffiich they control by means of a paU'- 
cliayat or committee. The grass is cut and taken away after it flowers, and then 
grazing is permitted. 

The area which is thus treated is visible at the flowering season miles 
in contrast to the surrounding land, on account of the massed golden inflorescence of 
Andropogon Monticola. This grass has established itself as the dominant grass over 
the greater part of the area. Along with it in certain portions appear great masses 
ot Andropogon purpnreo-sericeusy a grass that Tve have met rarely elsewhere. Ischae'-^' 
mum rugosum, which we shall mention as a denizen of 'wetter parts at Chharodi, 
here appears also in similar places : Andropogon pumdlus and Ischwmtm sukaMm 
made a good bottom growth. Andropogon contortus is present but markedly sub- 
ordinate, and, as we have already mentioned, is found only where the soil has been 
eroded by water and the land is more stony and gravelly. A little 
is jnesent. 

The moment one gets out of this j)rotected area one is in another type of vegeta- 
tion altogether. The following species were foimd in the unprotected area, close 
to the protected part \—Iseilema Wightii, Ar istida redacta, Panicum Isachne^ Tripogon 
Jacguemontii, pcmicum javanicmn, Ischmyrnm pilosimi, Justicia diffusa, FtMcmia 
Wightiana, This area, of course, was grazed and the vegetation short. 

Here we have a very notable experiment in the enclosure of grassland and the 
prevention of grazing till after flowering and cutting. We do not know how long 
this experiment has gone on^ but we may assume that it has continued for the last 
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tliirlv vMiTr fti ill?’ in li fin«^ ^Uiml f»f g^xwl |M5miiiiiil with at 

Iwti f/fa -‘-r- lM4!-»4{i grn\u!i. 4 Ii 4 with Jtiiin^jhHjm'i in % verj 

|rt»bj!in}i <4! liir K^<l! *?Ill} 

Oli lii'itii’ Ffil <4 U tlnTi* ih a ciiaiigt* frnm 

/f ,%hil tiiiall}' to 

ftiid .■fi»eir{#/‘w‘K|H// lihp llifsr* twu !a^t iiHnally niixi^d and 

art’ ah tin* )tmi hi tin* |»mi4eiirv Iw'ini! rallinl nwri^el 

in lljimtlii. vhfzm in tiiijAti U nml warx! in 1li»‘ «lHiiii!iafi<n* ni A t^dmimjm 

prUiHiiH iH iiiArkixl ill fiFtAiii pAtlH of i}n» rulh-gn farm. itnu«'i tiif^i*»ratc4y liy cattle, 
while the flnniiiiartiv of J^e/ro|»*f/on and mrn'o.oev in fcHiipkte 

on hcitli clenp liiiil diallitw >n\h wln^rc ^niEini* eiitifcly ahH«nii- 

lii Decrai! coii<lilioiiH tin*!*'* ap]H‘*Hr to he iwc* kiiels of nnheliiriAX giasHhiiici, 

cleteriiiiiifd and tlcliiMMl hy m\] waiter -runt cut : {!) t^rasiskiKi foimirting of grasses 
siieli as linme tm the. hilly ami in the KahiJ^ ]>lot (ArfArajP^^j^tn mrdnrim, imtmp^on 
Mimikoh. Awimfnymi irUkm^. and lyAHfUvm h.nntiK Hiih m tyim‘Hl of all iiirmn- 
tainoim ami shallow soik. Piinjuikmoo BaHvant reproMioits it at ik host, (2) 
Cjmssland conwsting niHinly uf ^.ItiArnfH^iieh ahtoihtfn>\ AiArii/HHinit r#i/7ro*vii,s' ami 
Iwilitmi fotiiul on hoiIh denp and tioh enoinjli to ha\*‘ a high wa!t‘r contend 

The actual dilho’cncns in noil wat<no*on1cnt Inn went thcH»» two tyjios are shown 
in the following talde, 


TiM mhi mmAure fnmi fhv i-'vil mmplr hhp nmhr fhe difffritil .Hptnnsat ihe tin! of 

lli*' !iof mistm in l9S!i iu^rl l%^i. 
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These tw^o edaphic associations occur ■side, 'hy. ’ side wdthin the Kiiine. climatic 
conditions and may alternate within short distances. 


III. CIlUSSMNDS m GtTJABAT, 

, Geographically Gujarat includes the north-western part of the Bombay Presi- 
tency proper. Typical Gujarat grassland difiers from t}"|>ical]y Deccan grassland 
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.in'.a"';,vaiietj, of ,.wa 3 rs. . As an example' of, 'sucli 'typical Gujarat grassland, we.m^y 
select tile Government Cattle Breeding Farm at CUiarodi. (Finntispiece.) Tlio 
average rainfall is 28*83 inclies, practically the same as the Poona rainfall, but 
there are differences in elevation, temperature, soil, and plij^siographic con- 
formation. ' 

Poona is 1,850 feet above sea-level, while Ohharodi is 107 feet above sea^ 
level." ■ ■ 

Both Poona and Ohharodi are about the same distance from the sea, but Poona 
lies on the leeward side of the Western Ghats. 

The soil is clay loam of whitish grey colour varying from one to several feet deep. 
In many places it is mixed with very fine sand. The sub-soil is yellowish white of a 
loose texture mixed with lime nodules in some places ; on the whole the soil is im- 
perfectly drained. 

The land is flat or with very slight slopes. 

The trees present on the land are Acacia arahica, Butea frondosa, AzadiraeMa 
indica md Zizyphus The presence of Buiea frondosa is an indication of 

changed conditions, and it is the dominant tree form. If left to itself there is little 
doubt that the land would become Biitea frondosa forest. 

We have a fairly complete record of the grass vegetation from 1919 to 1924 both 
from permanent quadrats and from observations on the whole area of 2,000 acres. 
When the land was taken over by our department in 1919, it was suffering in many 
places from the grazing and trampling of cattle which had roamed over it without 
restriction. The Ohharodi grassland responded rapidly to either good or bad treat- 
ment. The fine grasses Andropogon annulatus, Apluda mria, Polytoca harhata and 
Iseilema WigUii readily establish themselves if unfavourable conditions are 
removed, especially if the soil water condition improves. In several quad- 
rats the process was clearly visible. The retrograde process was also demonstrated 
in other quadrats where the vegetation was again subjected to excessive grazing and 
trampling after a stand of good grasses had been reached. OMoris pallida, OMoris 
virgata, Setaria glaiica, Indigofera cordifoUa, and Indigofera Knifolia are characteristic 
of such bad conditions. 

Andropogon contortus is not so prominent here as in the Deccan, but the Aristida 
species are very markedly present in the poor land. The Eragrostidse are common 
along all foot-paths. 

An area on medium black clay loam was cut year after year and not grazed. 
Here as at Pimpalgaon Basvant in the Deccan, there had developed an excellent 
stand of good gi^asses, the vegetation remaining constant from year to year. The 
dominant species in this part Andropogon anmdatus, Polytoca barbata a,iid Is- 
chcBmimi rtigosiim. The last named species is definitely hygrophytic, being found 
wherever water tends to accumulate during the rains. Very marshy conditions are 
indicarted by Eragrostis cynosuroides and, if there is salt as well, then we find Seirpus 
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narilimm. T!iw fliNipfM^Hr with i\m »w<»et4*iiing mm\ ilruiiiiiig uf the 
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Thfi |»ri*i»lfiii id lie gnix4iiii*I wa?^ jin^^iit4^l ii» iii ar.ula!, hirm at 

laiiHot. 

Ill MaitIi !t^!;if llit‘ rulliAior nl Broaeh ask*^l m exaniiiie c<‘rt 4 iii r«H‘!miiae<i • 
mil ill the iieighltouihiMffi «if tht^ of lliiOMii ami t4» mlvim* ah to llii* improve* 

lent of the grash in it, dim plaeo \m> visitvil in May I*j 21 and again in September 

924 .'. ■ '.■■■'■ ■■■ , , ■, 

It h ♦•I'ologirally a iii<e4 iniere^fing It lie.s at the inoiitli of the Xerlmdda 

i ground that lias heoii onre a part of that very mutable delta. The water that 
ashen it is will, and llie general kudwape i> a \ulde.niews of muddy flalK cieroratal 
ith the, bright, green of eeri^dii lniloph}lie vegetation. In the year ItWNl a huge 
md was built as a famine \\ork. enelosirig 2,r»tHi aeres of lids land. Tim nature 
the bund and «*f the surrounding *»oiintry is shown i!i Plate IV, lig. L 
(H the 2jblHl ae.res within the Imnd. L l(4* are now under eultivation, leaving I JtKI 
res for grazing. On this approximately ngMHi rattle from the. neighbouring villages 
3 aaid to graze. Of the l.•U)t0^eres a eertaiti amount is the old bed id the river, a 
"tain amount is dry ereekj and iJie vegiUation vari(»s markedly aeeunling to the 
ysieal and ehemieal nature of the soil. On our May visit ive toi»k eertain soil 
nplea from land eharaOerized by the reumants of dilferent kiielH of platits. As 
was the hot weatlter we efudd reeognizt* only a b*w speeies but theAC were enough 
our purpose, and the, analyses givtm in table beloiv imlieate how dry the soil luwi 
lonie and how great a tliffm'enee there was between the ree.lidnied and the unre- 
imed land. The typical salt indicator was Svirpm mariiimHH whose rhizomes 
this thiio were streuvn about the surface. In addition, in areas of less salt were 
m erdica and fhhknm pruruHihnu^'. In areas really reclaimed ivc were told that 
iropogmi mmuhins tloii risked. 

We lecommeiided a control of the iminber of cattle grazed an<! a system of 
dug and rotational grazing. In aildition we pointed that there was only one 
let for the water, and that within the bund ivater must in many places lie for 
siderable periods during the rains, a condition that did not make either for the 
d growth of grass or for the ijuickest removal of the surface salts. 

In the better land there were also well-grown trees of Ae4icA(i amhim. 

[n September 1924 we revisited the place which had 3P20 inehes of rain that 
isoon. At the time of our visit there was still a lot of water lying in the 
.s and within the bund at the Hansot end particularly there was consider- 
depth of vrater. Our observations on the vegetation were then as 
ws. 

hiding along the bund one observed that in the mud outside the bund Srujm>^ 
iimm and Cymdon dmiylon were the only visible vegetation. There was no 
tation on the outer face of the bund said to be due to the additional salt aceumu- 
I there du^ to the yearly repair of the outer face from soil brought from out* 
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Fig. 1. The Hansot Bund; reclaimed land to the right. 
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side tlie bu Tlic inner face of tlie bund bad scattered growth of OMom virfjata. 
The 'i‘ciiewar earth in the. .case/; of' the inner' face is ''taken .from inside the- 
bund, ■; ^ :/■,.■ ■ 

XciU* tin*, ^’illagc of IJansut Scirpas donniiaiit. As one a])proacIiod 

the village of iuiujnilpnra, Mrpns nmrilmim hegm to be less conspicuoiis and 
HporohohiH vf^iwnnrfdelJhums, Vhlofis harhala, Eragrostis pUosa, P(miGmn^edGmmh, 
Faniv^tm nanosHit}^ and Aei^cltgnomene indica appeared. Cassia pimnlia was common 
in wettisli soil, and thm’e were rare plants of Andropogon mvmikdus. Acacia amhica 
uas growing uvelb and some Zizyphm jitjuha. We were told that near Ganpatpura 
tlic cultiA-ators were bringing some portions of land with this flora itiider cotton and 
joicar {Audropogon. Sorghaw). The treatment is that the land is ploughed and left 
so for two or three years, io allow the rain water to penetrate the lower layers and 
wash out the salt, and cotton then grows satisfactorily. 

Farther Ijaek from the infliieiice of the salt in the village of Sajot we made certain 
other observations also, both in May and September. The growth of babul {Acacia 
arabica) trees in this }nrrt uus excellent, the land was of the analysis shown in column 
1 of the Table on p. 20 and was said to have Androjyogon anmdat/us on it during the 
rains. Xot far oif from tliis, an acre of land was roughly fenced in August 1924 and 
we visited it in September. The surrounding land was characterized at that time 
by Ischimnm nigmuni in the w^etter parts and Polgtoea harbakt in the drier parts, 
Just as in one of the sections of the Chharodi farm. Inter niingling with these 
was the five-foot icll Ahjsimr pus longifoUiw, and there was some Anilmiirm 
ciUata. 

■Wltliin the fenced acre the vegetation was shorter. It consisted largely of 
Isehamum mgnsani, with some AntMsfma ciUala and Algsicarpus lorigifolius. In 
addition we found Amircpogon anmdaiim^ Ghloris gyaWida^ Poly toca barbata^ Pamcum' 
laiifolia, A risUdaAdseenscionis, Sela/ria gla/uca, Eleusine mgyptmca^ 
Digilaria sanginnalis^ Crotalaria Umfolia, Justicia simplex and Melochia corchorh 
folm. 

We decided to cut half of this fenced acre and leave the other half to seed to 
determine the changes, if any, that complete protection w^ould yield as against 
cutting in flower. 

We have here a well marked succession from wet salt land to dry arable land. 
There is no doubt of tlie success of the reclamation. The loss of salt, however, 
has been very iiiun'en and hence get all stages in the succession still visible. 
These are markedly three, immely, (1) The wet salt vegetation consisting of Seixpns^ 
maritimus, Ziujsia pungius, and Acluropus inlhsm, sdong witii Cressa erelica mi 
Coldaua pronrmlwjis wlien ]>arts of such areas get dried in the hot weather, (2) the 
transition grassland with vseune of these halophytic species still visible but with «. 
mixed glass and leguminous pasture of poor grasses such as CMoris and Eragmsiis ; 
(3) the same stage as in the Chharodi ent area; mgosum mA Polytoca 

barbaia dominant with Andropogon amuhtiis subordinate. 
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Tke above remarks are coiifirioed by observation,B made .elsewliere at otlier' 
lies by ourselves and otliers. We may mention two -cases. 

In *1909, Dr. H. H. JIanii investigated some land 'partially reclaimed from the 
i for tlie cultivation of rice at the village of CHchni near Boisar on tlie simie coast 
Hansot but furtlier smith. Here the land is very still and hea'\y. After the 
tiding of a bund, the salt is not washed out "sufficiently for rice cultivation until 
ter at least ten years, uith sa aiiiuml rainfall of 70 inches. 

In jiartially reclaimed land the first ]>lant to appear is Arluropm Tliis 

sappears as the land gets less salt. SeArpm mmiimm appara a little, later and 
mains until after the land is able to gi*ow salt rice. It is very difficult to erailieate. 


* ContalaiBp; nitrogen 
t., Containing sand 
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Cresm creMea, Amimmia baccifera BJid Heliotmpinm supmmm wete tlie otter 
plants found, '' ■ 

Tlie otJior eim^ was also on the same coast at the village of Bassein. ' Here there 
were sooic salt- patches still in sweet rice fields. These were investigated in 1914, 
The cliarael eristic plant was, again 8drpim fmrHmms. Along with it . weTQ Diplacime 
fuHca, 8whaithi (imlvalti and Andropogon hdepmisis. Here the bunds between 
the fields earrie.cl an excellent grass cover containing excellent species of IscJmmum 
Andfopogon and A.plud(k 

It is plain that these salt lands can be turned into excellent grasslands. The,' 
heavy annual rainfall means lush growth when the land is good, as will be indicated 
in the later chapter dealing with land at Kandivlee also, on the same coast, but 
removed from the influence of salt. , ■ , 

Tv , Geasslaxbs neab Bombay. 

The study of such coastal grassland leads us naturally to the consideration of 
coastal lands a little further south, in a hea\fler rainfall area, and wiith soil no longer 
salt. Such is found at Kandivlee, a small station on the Bombay, Baroda and 
Central India Railway about 20 miles north of Bombay. There is an area of 500 
acres here in charge of a charitable organization, the Bombay Govrakshak Mandali, 
whose object is the protection and care of cattle. We have been able to observe 
the grassland from Se})tcmber 1922, the date when the Bombay Agricultural Depart- 
ment began actively to co-operate with the Mandali. The grass area was much 
interrupted by the growth of Lawimm emmra, GaHssa carandas and many trees 
of Borasst^s Jlahdlifvr, The main grasses were Isclmmwm adMatmty ' AntMstma 
ciliata, and xlnthkfma Jnspida, IscJmmmn ansfatnm gmw on the lower lying por- 
tions and [the AntMsliria species on The higher ground. In a hea'^?}" rainfall year the 
Isclmmitmi tends to increase. The rainfall is normally heavy, averaging 90 inches. 
Monsoon forest would be the normal climax and this we find when we get into the 
forest reserves or wherever the land is efficiently protected from grazing. The 
tract in which these conditions hold may be considered to include the whole area 
between, the Ghats and the sea. The soil at Kandivlee is well , drained and, is itself 
a rich loam,. Hence with the high rainfaU and the humidity due to the proximity 
' of the- , sea .the' actual mass of grass vegetation produced, is tremendous. An experi- 
■ mental cutting, gave 30,000 Ib. green grass per acre. Andropogon contortus^ being.; 

: definitely xerophytic, is absent. In addition to the species already mentioned „there 
' are present, in quantity Ooix Lachryma-joU, and PolMnia fimhnata, .Many of the 
smaller, grasses" are. .present and ..are visible in the early wains before the taller ■ 
species develop Their .height. Such smaller apecies are Pamiciim .cohnmipBigitmm 
scmgumalis^ Pmpalmn: : scxohicidatimiy Pamimm try pheron, IsacJim cMistmlis , ' and 
Sekiria glauca. There. .is also a very miscellaneous non-gra,ss flora. consisting among 
others of CmrJiospermim EaMmeabumr Fimb^^ monostmhjay/Lippia nodifiom. 
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V. UHAn>LANIK iX TITK Sf'O'^IOTEliM ' ^1 ABATHA CffCMOiV. 

Tlir |*;iil kittiwii ii< tlia Sfaithirni 'Maoitlia C-'niiiifry iiiofiBlrs iha. l■ii^lrli'!K of 
liaurii. illiarwar and Bijjipiir. Tin* rainfall in tJin Ji‘*atl'|nartar t*»wus (uf the 
in naiHid in am: 51 bK* ii]r,in*s. UJiarwar inniiny, 

Bijujiiir 20‘tttl iiiidifs. Tlinir (‘lavafitsirs am 2rJtiU. and fo*»t above 

level re.'^petnively* 

Their tenifieraturiN at lour t\|iie.al xeasoM.< of the year are as. fi>lir«'w:s :~ 
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t will be noted that Bijapur gets fairly hot, while Dliarwar has au equalile 
3.te all the year. Belganin is more or less intermediate. 

'he general nature of the seasons may be Jiidged by the fact that cotton is sown 
.e Southern Maratha Country in the middle of August ami liarvf^sttnl in Febni- 
iiid March, while in Gujarat it is sown in June and harvesUMl in Fi^briiary and 
h. In Khandesh, on the other hand, it is sown in June an<l liarvv^st ed in .Vovem- 
md December. The season in the Southern Maratha Count ly is, therefore, on 
^hole late. 

he grass country is large in anmuut and often bounded by low hills <N)vered with 
e in which panther and pig abound. The presence and tleprt‘datious of pig 
caused large areas to go out of cultivation and to revert to grass. 

1 the Southom Maratha Countiyj the Bombay Defiartineut of Agriculture luks 
cattle-breeding centres, one at Tegur and the other at Bankapur, both iiythe 
wax District. We shall consider both these places as to their grass vegetations 
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■ ■ 'Bm^^pur. ■' Our. cattle breediug.farm, here, is'- within the. walls' o£ an old ■'.fort.' 
This fort after many vieissitiides 'passed into British hands in 1802... Its present 
condition is that t!ie outer ramparts exist practically all the way xoniid. They have 
a granite core but are covered with earth on which grass and shrubs' grow. , The^ 
bastions are easily reeogniisable and in some cases are in good preservation. The 
gatewa}^s are ratlier broken'down and the gates do not exist. An inner line of 
ramj^arts is still visible, but only as a low mound, and also an inner ditch which is 
not continuous. Of buildings within the fort there remain a very fine Jain temple, 
a smaller Jain temple, a mosque, an old granary and a powder maga^zine. The 
r.est of the ground is under grass. 

Bainfall is 26 inches, again similar to that of Poona. Elevation is about 2,600 
ft., soil is loam with much masonry rubble, and the drainage is good. 

We have observed the grassland of this fort since 1920 when the place was taken 
over by us. Andmpogon contorius was then dominant everywhere. Setaria glauca 
and Eragrostis species were common. Setaria intermedia was specially found under 
tamarind trees. Along the top of the ramparts was Tripogon Jacqiiemontii, 

After four years of reasonable grazing, rotated with cutting, there was a marked 
change. Andwpogon confortm is now dominant only in one part isolated between 
the outer and iniie.r rampart on the south side of the fort. On the north-west and 
east Aphida varia is dominant, and in the centre Isckgmium laximi is dominant. 
Badly trodden ground produces a mixed vegetation of Chloris rirgata, Cgnodm 
daetglon, And ropogou perlusns, Tripogon Jacquemontii and Setaria intermedia. The 
tamaibid trees had under tliem Achyrmiihes aspera, with Setaria iMennedia in close 
contact. Anthi,sfiriu ciliala is invading from the south gate. 

A most significant fact v'as that an area in an Andropogon contorhis consocia- 
tion, accidentally denialed by Jiaving murum (disintegrated trap) stacked on it, 
was re])Opulated next rains not by Amlroqmgon contorius but by Apduda va/ria and 
Setaria intermedia. 

Tcgm\ An area of 238 acres near the village of Tegur was taken up for cattle 
breeding in 1909. The vegetation was then examined and consisted mainly of 
Andropogon eordortus and AntMstiria ciliata. The most notable non-grass plant 
visible 

In 1919 a quadrat was laid out in an area typical of most of the farm. This 
quadrat Andropogon contorius dominant, AMldsPiria ciliaia subdominant. 
Other species present were Soqmhia delphinifolia, Tripogon Jacqtiemontii d^nd. an 
Alysicarpiis species. 

From time to time the quadrat was examined but showed no great change* 
The hist occasion was on October 21,1924, when domi- 
nant. Otlier s])eeies present were AntMstiria cMiata, Androgjogori' ■pertusiis^ Ar- 
ihraxun Meeholdii and Desmodiwn Irifiorum. The area had been grazed and cut. 

It was apparent, therefore, that no great change was coming over the vegeta*' 
tion and that remained master of the situation. 
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:Tliis is the. e>ase over, the wliole of ■ the iatm. , Amlmpogon mntortm remams 
do,m.iiiaEt, but in adciitioa there are large .■pore areas of Anikislhia ciliata. The 
prc'seiice of the latter species appeal's to be markedly determined by the presence 
of watca*. It oconrs on the borders of tanks, in low-lying parts of the fields and 
along shallow <a*oded cliunnc‘ls where the rain 'water tends to rnii. Sueh channels 
are traced in i-la^ vegetatioji af^ove most markedly, by the line of Anihistma of a 
brownish green colour that stands out in the black and silver of the ilowering Amlro- 
pogon cmilorkis. ' 

.We cannot sa.y whether tiie Andropegon and Anthistirm IlIiwq altered relativ.aly 
'.in .the proportion of the farm which they .occupy, but, we tlnnk there is no great 
'change* ." ■ ' . . 

, ; ' 'Here then apparently an Jndmpogon emiknius association is very stable in the 
...given conditions. These are the. cutting -for hay. followed, by mod6.rate grazing.. 
But we prefer to discuss this in the speeial chapter on this species. 

■'In the Eastern Grassveld of South Africa and in the transitional belt between 
Karoo a.nd Eastern Grassveld Bews'^ reports the dom,inance of a similar association. 
He says ’with regard to the ■ transitional, belt : — The Arislida-EmgrosHs-Sporo- 
bolus iiBBocies, however, if the succession is not kept back by grass burning, slowly 
passes into Anthisfiriu-Audropogon yqM, which is the climax stage for the most 
part in Eastern Grussvcld.” lii tlie Eastern Grassveld, he says Anlldstirkt-Andfo^ 
pogon associations are the commonest, in fact the whole formation is practically 
made up of them. ’’ It is plain tl ierefore that both in Bo nth Africa and in India 
this stage is a stable one. 

The behaviour of Anlhidiria ciliafa. There is tlie strongest evidence from the 
observations of several y<3arB tliat Avihistiria ciliata is the first invader of land that 
has been cultivated and then abandoned. In 1920, Jlr. Salimatli, B.Ag., then 
Inspector of Agriculture, Dharwar District, and later Deputy Director of Agricul- 
ture, Southern Division, recorded his observations that Anfhisiiria ciliata was the 
first colonizer of abandoned rice beds. In 1924, he informed us that in the so-called 
koomri cultivation of poor land, practised in Khanapur Taluka and Ohandgad 
Mahal in the Belgaum District by the cultivators (a process whereby the jimgle is 
destroyed and cultivation practised for a year only) AnlJdstiria ciliata is the first 
species in the field when the land is left to nature again. Generally speaking, he 
states that in grassland with a mixed population oi Anthistiria ciliata and Andro- 
pogmi cmitortus if one ploughs, harrows and prepares the ground as for a seedbed 
and then abandons it, Anthistiria ciliata dominates for the first foui' or five years. 
Andwpogon coniortus is by then creeping in, and unless tvatcr raid silt come into the 
field and give conditions more favourable AHthutiria, the Andropogon con- 

tortus will finally dominate. We have seen in other places, for example markedly 
at Nasik, that Anthistiria ciliata w^is the dominant grass round the edge of culti- 
vated fields, in parts which had been turned up by the plough and by the animals 


^ Bews, J. W. (jhtm»es mid Grasslands of Bmik 4/rt6a, pp. 106, 11'". 
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blit wWcli bad not been sown or weeded. Away from the edge of the field 
AntMsiirm ciliata. was found but as only one component of a mixed vegetatioii' which 
included' Ghloris virgata, Andmpogon co/ricosusy , Andmpogon scJmnmithm.Aniropcgm 
mntorlm' disixA^Setmia interne 

;We have here' apparently a stable type^ of 'grassland consisting' niamly:' , of a- 

fogon contortm^ with Anthisiiria ciliaia where edaphic conditions favour that species. 
In more moist soil Animpogon Lawsoni is dominant. Throughout the land there 
is a bottom growth of small plants unimportant for fodder. The climax forma- 
tion as indicate by the jungle in immediate contact with the farm (a portion of 
this jungle has Just been taken in for additional grazing) is forest consisting of .Tec- 
tona' gmndis^ Butea frondom^ Phyllantkus emblica^ Carissa carmidm^ ' Lantana 
emmfa, djxd Cassia auriculata. The subclimax grassland cannot be said to have 
altered within the fifteen years just gone. The grass {Andropogon contortm) m . mt 
for hay just before the spears harden, and makes fair feed in this condition. It 
is thereafter grazed. All attempts to estabMsh other species have failed with 
two exceptions, namely, one plot oi Andropogon anmdatns and one plot of TscJm- 
mum tewm, both of which seem to be favoured by rich deep soil and ample soil 
water. All other species have been quickly overcome by the invading Anthistiriu 
followed by the -Bjtial Andropogon eontmius. Grazing, cutting and binning have 
produced little effect on the Andropogon contortus. 

The whole of the neighbourhood was not this Anthistma-Andropogon a^mod^ 
tion. On a slope near by which was apparently going back to jungle, we found a 
low vegetation with Andropogon^^pertmus and Andropogon Monticoh as the dominant 
grasses. The lower flat lands were dominated by Anthistiria and Andropogon 
contortus* 

Bedgaum, In the neighbourhood of Belgaum town itself are extensive grass 
lands. The rock imderlying them is laterite and the contours of the land are long 
sweeping curves, giving the impression of downs. The soil is not deep in most 
cases, hut in the depressions between the crests of the doTOS considerable soil may 
accumulate ia pockets. In the late rains there is abundance of grass on these 
downs and where it has been reserved for cutting it may stand from three to five 
feet taU. 

Our observations on the Belgaum grasslands began in October 1920 when one 
of us had occasion to spend some time at the Belgaum Vaccine Institute. 

This institute produces vaccine lymph for the protection against small-pox and 
for this reason has to have handy a supply of calves. These are supplied by con- 
tractors, kept at the Institute for 6 weeks, during ■which time they graze on the 
Institute lands, and are then sent out and not used again. One set of calves after 
another are thus on the land. The average number of calves on the land at any one 
time is 160. The total area on which they graze is 72 acres. 

The place was visited at various times and finally in October 1924:, There was 
no marked alteration in the vegetation during this time. 
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The wliole area k open to all the calves throughout the year. Consequently 
they graze all over the place and the whole vegetation is kept very hardly grazed 
down and in the early rains considerably trampled. In October 1924, therefore, 
the actual visible heritage was short, moderately open, and consisted largely of 
Andropt^gon mmiorins with some Andmpogon periusm niixed with it. The main 
ruderal is the endern'c Smecio belgamtmisis which is a sure indication of over- 
grazing and especially of trampling, being dominant in the neighbourhood of water- 
troughs where cattle come daily, and on the paths and stamping grounds of the 
cattle. ■■ 

Other grasses present but in smali quantity and scattered are Isehmmum laxmn„, 
AnthiMiria Giliata^ Andropagon Moniicola-, Lophopogmi trideniaiHS, Apludci, wma, 
Andm 2 >ogon annulalus, Andmpogon caficosus^ Arlkraxon cMiark^ Ischmmuwi'^ 
Gtliafe. 

Euderals other than iSVwccm belgmmiemk were Justtem 'simpleXs md' ■ MoUugo" 
pmtaphylla. 

Reinvasion of denuded areas was markedly demonstrated on one or two golf 
browns that had been made but had been left to themselv(js since 1922. These 
had been first eoloniztd. by the compositerSrmc/f?^^^^ Andmpogon eontortus 

stmnp8 were Wih establislied on the browns,’' along with Tripogon Roxhurghiamis 
and Jmiicki simplex. 

For the better study of soccession the Director of the Institute kindly fenced 
two areas and permittcHl us to use tliese for observation and experiment. In the 
first of these, of one acre in cxtiuit, wliicli was fenced in 1921 August, we ploughed 
up the middle third in May 1921 and resowed it with the suitable mixture of seeds 
in June 1924. 

The other was merely enclosed and left to itself. It ineaBured 1 acre and was 
fenced in August 1923. 

Both areas bore originally Androjmgon eonforlus dominant. 

On studying these in October 1924 the following observations were made :~ 

Plot L Untouched jmtmis. Androp()gon eontortus dominant. 

Plot L Ploughed and reseeded strip. Sowing a failure. Ground poorly covered 
with vegetation and most of it ruderals, viz.^ Jusiicia simplex^ Molkigo pentaphyllu 
and along with plenty of Senecio Belgaumensis. T!hcm were stray plants of the 
sown Anthistina ciliata, Apluda varia, and Ischmnum laxim, azid germination had 
been worst at the western end. Cassia pumilis and the fern-leaved weed Pimpi- 
nella adsomdens were also obvious. 

There was no marked reinvasion of Amlropogon emUortus, This land has been 
left untouched to see what the next stage in the succession will bo, and particularly 
whether Andropogon eontortus will come back. The soil is very poor and shallow. 

Plot IL Merely enclosed. Here also Andropogon eontortus w^as dominant, but 
there was a greater proportion of other grasses, including Isclmmuni laxum, Andro- 
pogon pertusuSy Arthraxon ciliaris^ Anthistiria ciliata^ Andropogon a^inulatus and 
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IsckoBmum cihare. In addition there was a bottom growth of the small Panicum 
trypherm and of Mamsuru gmnuUns. 

This is a veiy much more promising plot and it also has been left to see what 

wilt happenb,;^:'\'V''/':"''^^''''''' ^ ' 

Of parasites we iovmA Stfiga euphfasimdes mm aiil du gooi deal of Sopuhia del- 
phinifolia, in two forms one with a white and the other with a brown corolla. 

In a nala we found at the bottom near the gravel Andropogon annuhtus and 
(^rieosus, AnthisUna eiliata, and on the upper slopes of the nala side Andropogon 
pertums axiA Cyndbopogon Mart^^^ 

Land at the village of BenhanJmlU on thefarm of Mr, Phatmphehar, About four 
miles from Belgaum is the farm of a family called Phatarphekar one of whom is a 
graduate of the Poona College of Agriculture. This family has for years devoted 
itself to agriculture, horticulture and the improvement of village conditions. On 
the land of their farm is a good deal of grassland and the part we saw had a good 
deal of Anthistiria ciliata^ along with Andropogon periusus^ Andropogon contortw, 
and Ischcemum ciliare, 

Here we found an unconsciously planned experiment which confirmed what 
we had learned regarding the behaviour of at Tegur. Thefollow- 

ing four plots were visible : — - 

I. Ploughed in June 1924 and planted with sweet potatoes. 

II. Ploughed in June 1923, and planted then with sweet potatoes. No crop in 
1924. 

III. Ploughed in June 1922, untouched since. 

In all three plots ciliafa had invaded. In plot I, it was jtist commenc* 

ing. In plot II, it had made an excellent stand, while plot III was practi* 
cally a pure culture of the grass. It was very noticeable that while the Anthistiria 
on the untouched land was about eighteen inches in height, that on the ploughed 
land was over three feet in height and in some cases five feet. There was as yet 
no indication of effective invasion of Andropogon contortus. 

Between Bllgauin town and this farm at the top of one of the down like curves 
is a very fine area of uncut grass. This turned out to be Anthistiria ciliata along 
with the rare grass Andropogon Ritchei^ which superficially resembles Andropogon 
contortus but strikes one at once as different on account of the very tawny hairs on 
the glumes. 

There is here magnificent grassland which only needs proper treatment to 
develop excellent grass. Such portions as have been kept for cutting and have not 
been overgrazed naturally develop good stands of grass. Poor soil overgrazed 
develops contortus, but along mth it grow many other species which 

would get their chance if there were scientific management. We think it likely 
that on shallow poor soil Andropogon contortus y^ovld be replaced first by 
and then by .4. annulatus, while on deeper looser soih AntMstma ciliata would 
•come in first and later other Bpecies including A, annulatus. 


0 
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Notes' ON IHBmBUAB BEEOIES OF GEASSB.S* 

^ 'We have mw iadicated 'hrieiy the 'nature 'of the di'fe'ent kinds 'of' grassland in 
the' Bombay Presid'ency. Before dieii.sBi.ng the practical side of the .problc'ni it will ; 
be welito'Tieal' with' certain of the more important species 'found on these grass-';.''' 
'lands*. ''' , 

1. AMmfogon eonimim, 

(Plate IV, fig. 2.) 

. 'In' the Bo.mbay Pres'ideney 'there are several .grasses which may Justly be called 
.spear grasses. ''Of th^eae the biggest 'is Amlropogon friticeus, of which, 'the a'wns are 
huge. This grass^ however, stands so high and is so late that the spears do, not give ■ 
much trotible to man or beast. On the other hand the various species of Aristiia 
.am exteoitlinarily troublesome. '.They are early in ripening and 'theit' 'fruits with '■ 
their a'TOs., form a close dry fluff near the 'Carth -.which men and animals carry away 
with them much to their discomfort. Andropogon contmius^ however, is the worst 
of them all as the spears are able to penetrate any clothing short of leather, and the 
stratum of spears is a little luglier up in the grass vegetation than that of ArisUda 
and gets one around the leg below the knee and down to the aiikle. The exact 
; .nature of these' spears we shall discuss later.' At 'present we need -only say 'that they.' ' 
are.the fruits W'ith their attached awns. 

As soon as these avTiB begin to form, the grass is avoided by animals. This we 
have seen again and again in various places, and markedly so in the newly 
acquired jungle area at Tegur in 1924, where the cattle had grazed round and up 
to patches of this grass but had left them carefully alone. 

Cattle will eat this grass when in fruit if there is no other feed, and occawsionally 
eat it along with other species when these grow mixed together. The cattle may 
then suffer considerably from the spears. The gums and buccal mucosa are injured, 
and the mouth gets sore. The auns get stiicb between the molars and we have 
seen great balls of these fruits and avms removed from the cheeks of cattle. The 
wounds in the mouth produced by these spears form easy openings for disease 
germs, so that there is indirect as well as direct damage from eating the grass in 
fruit. In addition* at this stage the grass has lost much of its feeding value. 
(Table 1 on page 43.) 

Stich ill effects on stock arc common to several grasses with similar awns. For 
example, Williams, in his Grasses and Forage Plants of the DaJcolas (1897) states 
with reference to Hordeum jnbatnm (Squirrel-tail): — 

‘"This grass has become very abundant throughout nearly all parts of the 
North-west. It furnishes a considerable amount of good pasturage 
early in the season, but later becomes a bad pest. The rough beards 
work into the mouths of stock especially horses, and cause ulcerated ’ 
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sores. Not 11 ^^^ animal becomes almost unable to eat, 

and unless promptly relieved may be permanently injured. The 
beards ’"are also a source of annoyance to any one walking throngh 
a field containing the pest, as they work into the clothing and can only 
be dislodged with difficulty.” 

All the above might be applied word for word to Andropogon contorlus. 

Sampson^ mentioned silmilar effects on animals from 8tifa ocddenialis (por- 
cupine grass). 

There is great depression of digestion in cattle fed on grass at this stage, which 
may be due partly to the fibrous nature of the feed and possibly partly due to irrita- 
tion by awns that have got into the intestines. 

In its earlier conditions, before the awns are formed, this grass is readily eaten* 
In fact it forms the bulk of the existing grazing on much of the Deccan and in tie 
Southern Maratha country. In the poorer soils of Gujarat also it forms a great 
proportion of the early grazing. It can also be made into exceUent hay if taken at 
the right time, i.e., just when the flowers appear and while the awns are still soft. 
Major R. S. Scott, in charge of Remount Department of the Southern Command, 
informs us that at the Hapur Remount Depot, Babugarh, U. P., this grass grows 
to a height of about four feet and makes excellent hay. Babugarh is favoured in 
having dry weather at the time when the grass is in the necessary condition. At 
Tegur in the Southern Maratha country, Mr. S. S. Salimath, Deputy Director of 
Agriculture, annually makes excellent hay from Andropogon contoHus, but there he 
is more at the mercy of the weather. However, with a field drying (not stacked) 
of twenty-four hours after cutting, he gets the grass sufficiently dry to put into its 
final stack. In October 19*24, we saw some fine hay which had been stacked since 
the same month in 1923 and which smelt and looked good. 

Various attempts have been made to deal with the spears. At Tegur an attempt 
was made to remove the spears when ripe and about to fall, by means of an imple- 
ment like a huge comb. This consisted of a plank with iron nails projecting out of 
it, and w^as drawn through the ripe grass by bullocks. It was claimed that a man 
with this implement could remove the spears from four acres of land in a day. A 
mower and a heavy rake were worked behind the comb. The method has now been 
discarded in favour of making hay from the grass at an earlier stage when fibre is 
less and nutritive elements more. 

We give in Table I (p. 4-3) analyses of Andropogoii contortiis taken at various 
times and in various stages of ripeness. For comparison we attach analyses of 
Anopogon the best wild fodder grass we know, and also of Mlwa joEW 

(a fodder variety of Andropogon Sorghum), From this table it will be observed 

(1) That in the green gmss {Andrapogon coiitorkis) the percentages of albumi- 
noids and carbohydrates are higher than in either Andropogon , mimdor' 

^ Sampson, A. W. Important Range Plants. U* S, A. Dept of A gri. Bull, W o. 545, 1917, p. 10* 

" 02 ;' 
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tus or Nilwa jotoar, though the percentage of albuminoids in the 
Gant'shkhind grass drops at once after flowering. 

(•2) That the woody fibre starts to increase at flowering and goes up to a 
considerable figure. 

(3) That the water percentage drops very low indeed in the dry grass. 

We can Heft t^ierefore that it m a good feeding grass ■but iinist.be used before, 
iowering or not later than flowering. Ab' cattle will not usually touch it when it 
flom^erB even when the awns ate softy the only treatment then, is' either to make hay 
or silage. 

It has bciti found possible to make excellent silage from Andropogon coniortus,: 
At Balegaiim in the Xasik District a concrete silo 14| feet in diameter and 16| feet 
in depth was built by the department, in 1918, In 1921 this was filled with'. 23s060 
lb* green Andropogon eoniortus. In March the silage weighed. 16^755 lb. and waS' 
sold to the local municipality at the rate of Es. 4 per bOOO lb. It was good stufi 
and readily eaten. 

Another methr>d of treatment, and one specially suitable for areas of plentiful 
and late rainfall, is to take several cuttings of this grass. At Bankapiir we saw 
Andropogon contorlm which bad been cut on August 25, 1924, and wliic.h luul made a 
fine low thick growt.h of most edible herbage by October 19, 1924. Of course, sooner 
or later the grass will ilower, but it is obviously possible to get a good deal more out 
of it than has been imagined. 

Our mention of repeated cutting and of cutting the grass while in flower raised 
the question w’liotlier such treatment if continued for some }^ears will eventually 
kill the plants, by exliaiisting then vegetative growth and pn^venting reproduction 
by seed. Concerning this we have at prment no facts, exct'pt that in Tegiir where 
the hay-making process has been in vogue for some years tJiere is no obvious diminu- 
tion of the species. 

Why should we attempt to exterminate or replace this grass if it suite poor land 
and small rainfall, gives grazing, cutting silage and hay ? Given a solid block of this 
pure species, it is fairly easy to manage it as it ought to be maimged, but the condi- 
tions that we have to consider are such that it is mixed up with other species, soMe 
better^ some poorer. It is not managed as it should be managed, and it rapidly 
matures its awns and becomes useless and even dangerous. It tends to increase and 
it is a nuisance on account of the spears. If we could get a non-awmed A ndropogon 
conloftm then we should consider the problem of poor grazing lands practically 
solved, but as long as these awns remain so long will the problem remain. In addi- 
tion, the matter is complicated by the fact that there appear to be at least two varie- 
ties of this grass with different characters, one small, early and annual, the other 
tall, late and perennial. All our foregoing remarks as to cutting and grazing and 
hay-making must be taken as referring to the perennial variety. The problem of 
replacing spear grass brings us at once to its ecology* 
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The followiiig are the remarks of Griffiths, Bidwell and Goodrich^ regarding 
Andropoqon eontortus :— 

HeUropogon eontortus, a beard grass with long twisted darkbrown to black 
awns, is very characteristic of the native grass flora of many situations from central 
Texas to Arizona and southward into Mexico, It produces a quality of feed very 
similar to that of some of the larger species oi Andropogon, On the whole, it is 
probably not grazed so extensively as those species. Some sheep growers in 
Southern Texas especially deplore its presence on account of the injury which the 
awns do in working into tbe fleece and flesh of their flocks. Anyone who has walked 
through a patch of this grass when mature will readily recognize the injury that it 
may do to sheep. However, cattle in Southern Arizona graze it to the ground very 
frequently. In some situations, in the sandy arid mountains, it grows thick over 
small areaSj but usually it is distinctively a bunch grass, growing only in scattered 
bunches among other vegetation. 

(Sample) No. 8397 was collected at Green, Tex., August 14, 1906, The plants 
were in early maturity and were cut about 3 inches from the ground. Many of the 
lower culm leaves were dead. No. 9689 was collected in the foothills of the Santa 
Eita mountains, Ariz., September 16, 1908. The sample was duplicated on account 
of the viscoid sweet gummy secretion which appeared upon the inflorescence of the 
plants. 

This is a very common phenomenon in this section. 


Material 

Percentage of 

WaTEBKREE basis (PEBCEIfT.) 

moisture 

Ash 1 

Ether extract 

(Crude fibre) 

Our samx>le No. 8397 . 

9*06 

7*44 

1-34 

34-37 

Our sample No, 9589 - 

1*73 

4*58 

,1*54 

32-10 


Nitrogen free 
extract 

Protein 

Pentosans 



51*93 

1 4*82 

27*46 

. 


57*65 

4*13 

24*00 



Ecology of Andropogon eontortus. We have found this species everywhere- In 
central, northern and southern Bombay it is easily found, and in the coastal dis- 
tricts is also present but less visible, probably because the climate favours'the growth 
of other grasses which crush it out. It is specially the grass of poor rocky land. 
In Tegur it was replaced in wetter parts by At PimpalgaCT^ 

1 Griffiths, David ; Bidwell, George L.J Goodrich, Charles D* Native Pasture Grasses of the 
United States. 17, 
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Bear Nasik in a jnm stand <'if Amimpogm Moniwda and Andmp(yon '.purpurea-,. 
8frirpu.% we fciiiiid Aniropogtui toufartm wherever the, water had eroded the surface 
soil ftwa}’' and left gravel and IrKJse small piece^s of rock. In very poor land the 
AriMifh species tend to dorniinate, and on very hilly parte Amlropogim. Moniicoh 
and A. frliicem tend to increase* It is on the moderately poor land that is not; much. ' 
on the slope that we find It most, tlnnigh it occupies the hills also and is found in ■ 
the poorest land* When it does take liold it is a remarkably stable community, and 
apparently nothing short of digging it out will shift It. In this connection vm may 
quote an axperiinent carried on over several years at Tegur. ■ 

This experiment was begun in 1920 and carried on continuously till October 
1924 when the last observations recorded in this paper were made. ' Four, plots .of 
pure spear grass were chosen side by side. Each of these' was 2 giiiithas' in area. 
Annually one was cut, one was grazed, one was burned and one was kept as a control. 
From year to year there ai)i>earcd very little difference between these plots when 
examined at the time of flowering. The following are the observations on 21st 
October 1924. 

Qrazed phf. At this stage when the grass was in fruit the cattle would eat 
nothing and merely lay on the grass. It was a good stand of Andropagon 
with little else in it, and more or less flattened with animals lying on it. 

Cut plot, A good stand oi Andrapogon cmioriMS m fruit* There some 
Andropogon Monficola visible in it, also the grass oilfare and the parasite 

Sopubia delpMnifolia, 

Burned plot, A good stand of Andropogm contbrtus in fruit, with much more 
Andropogon Mcmticola, 

Control plot A good stand of Andropogon mntortm in fruit along with Arididu 
redad^ &nd hchmmm 

There iras no difference between these plots to the casual observer. On enter- 
ing the plots, the only difference that could be called at all worth recording was the 
greater amount of Andropogon Montimla in the burned plot. From the point of 
view of eradication or even reduction all treatments were equally ineffective. 

The repeated burning which the land round Ealas undergoes, and the burning 
done both deliberately and accidentally within the fenced plot at Ealas have shown 
us that burning does not reduce this grass. On the hills near Poona the same is the 
experience. 

On the other hand, we cannot definitely say that burning tends to spread or en- 
courageit. 

Cutting and grazing seem to have little effect. 

The only thing that seems really to affect it is the uprooting of it by the plough. 
We have already mentioned when dealing with conditions at Tegur and Belgaum 
that when land l>earing a mixed population of Anthisfiria dliafa and Andropogon 
contortus is ploughed and harrowed, then Anthistiria dliMa is the first to reinvade 
the cultivated plot and continues to be so for some four or five years. Thereafter 
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Andfopogon contortus comes creeping in, and unless soil conditions are specially 
favourable to Anthistiria [L e., more soil water) then Andropogon contoftm will 
finally dominate, ^ ^ ^ 

L. B. Kulkarni was successful in eradicating Andfopogon contorius from the plots 
in tbe Government House, Ganeshklxind, Poona, on wMcb lie experimented: These 
were ploughed and cultivated in the hot weather and reseeded with other wild 
grasses in the two succeeding rainy seasons. These plots were fenced and cattle 
kept off them till 1922 up to which time there had been no rainvasion oi Andfopogon 
contorius. In 1922 the plots were opened to grazing but from August to October 
1923 they were again closed. Thereafter they were open continuously. Although 
Andropogon contofius is dominant in the adjacent land it has not leinvaded the 
reseeded area. There is plenty of opportunity for it to do so as the vegetation 
therein is by no means close. We should mention here that Anthistiria cilicda is 
not common on this area, and hence has not had a chance to invade. In addition 
we think that Anthistiria ciliata needs a heavier rainfall . 

At Kalas, on the other hand, the behaviour of Andropogon contortus has been 
somewhat different. The middle reseeded strip was treated similarly to the Gov- 
ernment House plots, but did not receive the same close attention, owing to its 
greater distance from headquarters. As we showed in the chapter on Kalas, Andro- 
pogon contortus has been entirely ousted in the lower levels, where water accumulates, 
by other grasses, and in the higher levels is gradually being squeezed out by the 
tussock grasses Andropogon Mo7iticola, and Ischcemum laxum. This process, however, 
is very slow and in the intervening spaces, Andropogon contortus flourishes as before. 
One coiild easily imagine a close stand of the perennial tussock grasses smothering 
the Andropogon contortus, but until that close stand is attained the spear grass will 
always have its chance. Hence the argument for helping nature by planting arti- 
ficially small stumps of the perennial grasses to fill up the bare spaces. 

Since the presence or otherwise of Andropogon contortus seems to be considerably 
controlled by soil moisture we made some analyses of soils in which this species was 
growing with the following results. 

In areas where Andropogon contortus is prominent, soil moisture varies from 
3 to 4 per cent. ; where Andropogon contortus gets scarce in lieu of A, mnulatus 
and A. oaricosus, it varies from 5 to 6 per cent.; lastly where A> contortus is 
entirely absent and A, anmilatus and Iseilema species dominate, it varies from 
8 to 9 per cent. 

The remarks of C. K. McClelland^ regarding Andropogon coMorto in Hawaii are 
worth quoting : — 

'^Andropogon {Eeieropogon) contortus, twisted beard grass, tangle head, pili, 
is well known, being widely distributed. It occurs from seadevel to nearly 5,000 


1 MoCielland, 0 K, Grasses and Forage plants of EamU'A'P'L 'Mx'iiL SL Bull 36, p. 27 . 

1915 . 
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feetj although it tlivivea Iw.ht below about.' 1,500 feet.... It fotrucTly covered larger 
areas than at presiuit but has been destroyed or crowded out by overstocking and by 
encroaehji3g of luaiiieuie, pilipiliula and other grasscH. The old Hawaiians 
utilised this grass in making tlieir grass houses.. There ar«i exteiiBive areas of it 
oil western Molokai, on Lansi, in the Talleys- of Maui, and on leev'ard Hawaii. 
Over large areas in cdher regions the.Pili has. been nearly eradicated .and it ..is only 
in the inaccessible pla(H'*.s alcmg the sides 'of steep gulches that occasional .clumps . 
may be seen. The gi''ass makes a rapid growth, starting up after the first showers, 
but after seeding it becomes dry and brown. ■ It may seed at irregular interTals, 
depending upon the distribution and amount of raiiifidl. The green growth is 
tender and palatabh*, but tlie Inowii stems are coarse and tough, and can be recom- 
mended only as maintenance feed for mature animals, although the disajtpearance 
of the grass as noted is due to gracing of the old plants as well as of the fresh growdh. 
There is said to l>e a eon3])aralively small Bhriiikage in cattle fattened on pili grass. 
Although the grass ivS peixmiiial it is necessary to insure rc?seeding by removal of the 
stock since many dumjis are uprooted or injured by the stock. Pili seeiiiiS to be 
coming l)ack upon certain lower areas of the Molokai ranch, where careful manage- 
ment is being exercised. On <lry kinds at hover elevations an effort should be made 
to retain ])iU by nevi«’ overstocking, ami by allowing rest at intervals. The seeds 
are quite difEcult i.o c<^lkict and it would be tedious wx>rk to make new Beedings over 
extensive areas. With imperfect stands of pili about 15 acres per head of cattle 
are required.'* ' , 

Early in 1924 it was decided to apply to the study oi Andnyjx^gon conioftm ih.^ 
same intensive methods that had yielded such excellent reBiilts in the case of the 
study of Gyperm rotundm, and accordingly a close inveBtigation of the plant and 
of its life-history was undertaken. The following are some of the results so far 
obtained. 

Morphology. This grass is mentioned by all botanists who have dealt with 
Indian grasses. The following is Hooker’s description. 

Stems 1-5 ft. erect or decumbent below, densely tufted, simple or fastigiatety 
branched, compressed towards the base. Leaves 6-18 in., narrow, glabrous or hairy, 
especially near the base rather glaucous rigid, margins and upper surfaces scabrid ; 
sheaths compressed, keeled. Spikes with the lower 2-6 pairs of spikclets male with 
coherent joints; joints of upper (fem.) portion “very short and curved callus beard- 
ed with brown hairs. Sessile (fem.) spikclets J in., gl. I coriaceous, glabrous or his]>id, 
many-nerved, tip membranous ; II coriaceous, S-nerved ; III oblong hyaline, 
embracing the long slender ovary, tip ciliate, IV awm stout, column liirsute. Pedi- 
celled spikelets \ to | in. pedic^el very short ; gl, I lanceolate, obliquely twisted, 
herbaceous, keels margined or unequally winged ; 11 membranous acute, 3-nerved, 
ciliate ; pales minute, ciliate. Sessile spikelets of the homogamous pairs, like the 
pedicelled, more or less covered with tubercle-based hairs. Hackel has 2 varieties 
and 5 subvarieties (excluding Polystachyus) of this widely distributed plant founded 
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chiefly on the number and position of the tubercle-based bristles ot che male spike- 
lets. They appear to me to be too inconstant for definition.” 

The SfeaT (Fig. 4). The so-called spear is the fruit with its attached glumes one 



The fruit and its attachment. 

L Callus bearded with tawny hairs; IL Seed; III, Bulbous basal portion of the awn; IV, The spirally run- 
ning channel ; V. Wiry tail, ending in a fine point, 

of wiiicli carries the ara. The spear is best understood from the figure. "Let us 
describe it from the point upwards. 

The actual point is the callus which is the prolongation down\Yards of the 
outer glumes at the point of its insertipu PU the rachilla. This is hard and pointed 
and is the penetrating end of the spear. It has a barb on it formed by a tuit of stifi 
hairs, These effectively prevent the extraction of the fruit after insertion into any 
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Dmterml If tlie imn u piillfd after Biich insertiotr tkeu tlie amii comes away, leayiug 
tlie fruit ill i'lie material. 

The fruit is a caiyopsiH, of the average length of 7 millimetres and of the average 
breadth of one millimetre. "Wliai apparently is 'the seed coat is really a covering 
foriii(‘tl Ijy the persiatimt glumes. The lower iEVolu<*ral glume has many nerves and 
its strongly incurved margins appear as too deep furrows on the ventral side of the 
fruit. The awn which seems to lie inserted on the apex of the fruit is really the 
fourth glume, and is practically all awn, and expanded glume being absent: ^ It', is 
this fourth glume that comes aivay when pulled. ■ 

The awii sliows two main parts, the column and the toil. The column is really 
linear and flat but has its margins rolled inwards so that it forms a tube.' ' It is 
twisted so that the line of the margins appears as a spiral marking, all. round, the 
column. The column i.s black and hairy. The tail is finer, not channeled, long, 
bro^vm and wir}% and ends in a fine tip of lighter colour. The whole thing is remini- 
icent of a whiphandle, xvhip lash and its cutting point. 

Tlie awn seen under the low power of a compound microscope shows many 
minute alternate ridges and furrows, the furrow’s being whitish coloured. 

Physiology of the spear. When the fruits are ripe they break off from the rachis 
and are found hanging on to tlie top of the vegetation in clumps, tlieir awns twisted 
together. From this position they are dislodged by variems agencies, and finally 
reach the ground. Here when tlic next year’s rain comes they germinate. 

. The awn. is astonishingly hygroscopic, and when , wetted untwists with gi*eat 
rapidity, retwisting when the ivater evaporates from it. We made some experi- 
ments on the movements of these awns, of which the following may be cited. 

One spear at a time was placed on the surface of wet blotting ])aper and the time 
taken for ite movements to be completed was taken. 111680 times were 1|, 2, 3, 

4, 6 minutes. During these movements the whole spear writhed and -twisted, 
raising either end, and turning completely over several times. 

In addition, experiments were made by fixing the fruit in a cork and dipping the 
awn ill water, then standing the cork up and noting the number of revolutions and 
the time taken to unwind itself completely. These were 3|, 4 and 21 minutes for 

5, 5| and 8 revolutions respectively. 

This character of movement is apparently possessed by other grasses ivith similar 
awns. Sampson^ remaidcs regarding Stipa ocoidmtalis : — The seeds of porcupine 
grass are usually high in viability and reproduction is greatly fostered by the self- 
burial device of the seed, the alternate twisting and untwisting of the awn coupled 
with the sharp pointed appendage at the base of the seed.’’ 

There can be no doubt that these hygroscopic writhings help to bury the fruit 
in the ground. We have repeatedly found fruits so buried, with the fruit below 
ground and the awn sticking up above. 

^Sampson, A. W. Plant succession. 'in rolatiop to Range Managoment. Dept of Ayri, 

791j 1919,. p. 30 footnote. 
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Germimtion of the fruit Tlie frait gexmmates rapidly, tlie radicle asmlly ap- 
pearing within 36 hours. The radicle always appears near the callus and generally 
pushes itself out through the line formed hy the margins of the outer glume. The 
plumule comes out at the other end of the fruit, apparently growing up under the 
glumes and coming into the light at the top of them. Fig. 5 shows a foiir-days- 



Fig. 5. 

Andropogon contortus seedling (4 days old). 

L Tap root; 11. Root cap; III. Seed; IV. Hypocotyl ; V. Coleoptyle; VI. Mesocotyl 



old seedling and its parts. Tlie radicle is already well developed, and has begun to 
blanch. The coleoptyle Las burst and the first two true leaves have appeared. 
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Pigs. 6 and T show later stages. It will be noted that the radicle persists as a very 



Andropogon cmitortas (eedUag (25 days (dd). 

i. Tap root; II, 111. Adventitious roots; IV. Persistent glunies; V. Bud in the axil of the first leaf 
VI. First leaf : VU. ^ondleaf. 
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Andiropogon contortus seedling (43 days old). 

!♦ Tap root; II, 10, IV. Adventitious roots ; V, Persistent glumes; VL Fmt leaf; VII. Bud in the axil of 
the I si leal ; VI 11. IX. 2nd and 3rd leaves with buds in the axils that have sprouted. 

useful tap root, ttat adventitious roots Imve developed to a considerable extent 
and tliat tlie plant lias already begun to tiller. The plaint then shows that rapidity 
in establishing itself which one learns to expect in plants that have been success- 
ful in adapting themselves to regions of precarious rainfall in poor soil 

The shape of apex of the leaves of the seedling alters as it grows. The coleop- 
tyle as in most grasses is tubular, the first true leaf is acute. The leaves up to the 
fifth are acute or acuminate. Thereafter the apices gradually change to obtuse. 
This is a well marked stage, and at this period the grass can be easily recognised by 
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ita blunt leaves. Latex there is a change to abruptly acuminate and to acuminate, 
which is the condition of the leaves in the adult plant. Fig. 8 shows the different 
forms of apex. 



Fi*. 8. 

Hurec kbiSs ol apices in Aodbfopc^on contortus leaves. 

I. Obtuse: U. Abruptly acuminate; 111. Acuminate. 

Germination i.s (as w'ild gras.ses go) good. Both the .small and the big variety of 
Aniropogm enniorlus gave an average germination of fifty per cent, in tests made 
from May to November 1024 being an average, of thirteen tests in the case of the big 
variety and of twelve test.s in the case of the small variety. 

Heatiig in a dry oven to (>l)° C. before putting to germinate increased and ac- 
celerated the germination to tluve times that of the control. Seeds germinated when 
buried up to one inch deep, but at two inches and below ab.solutely refused to 
germinate. The seeds germinated equally in all kinds of soils, but the seedlings 
were much stronger in good soils. This indicators that Andropogm cmknrtus though 
a denhsen of poor land responds to improved conditions. 

Time from geminatimi to jUneering. Table II (p. 44) shows the time of sowing and 
lowering and the length of life of plants grown in pots. It will be noticed that the 
average length of life of the big variety is 116 Jays while that of the small varietj 
is 76 days. We cannot lay much stress on these figures, however, as the tests are 
aot simultaneous, and we know that length of life in grasses is influenced by the time 

year when the seeds are sown. Moreover, there are more tests in one case than 
n the other. The figures, however, do show that- flowering is on the whole rapid, 
but not anything like so rapid as the first colonists of poor ground, Tripogon Rox- 
hurghianus, ioT exd,mph. 

Ya/rieties of Andropogon coniorbus. In our observations at Kalas and elsewhere 
we noticed variability within the species, and early came to the conclusion that 
there must be definite varieties of Andropogon contortus. We can say with con- 
fidence that there are at least two varieties, differing markedly in size, habit, 
longevity, and in morphological characters. One is small and annual, the other 
large and perennial. This may accotmt for conflicting statements by other writers 
SB to the length of life of a plant of this species. 



The following are brief descriptions of the two varieties :— The amnal variety 
occurs in poor wal land and on rock it is decumbent, finally erect. Its height is 
from six to nine inches. The stems are not greatly compressed. The leaves axe 
from one to four inches long. It flowers early after the first rains. There are one 
to seventeen pairs of spikelets. The awns are hairy and whitish and the outer 
glumef are hairy. The roots are shallow, spreading and thread-like. The perennial 
variety occurs in much richer soils (see succeeding paragraph). Its habit is spread- 
ing and later erect. Its height is from one and a half to three feet. The stems are 
much compressed. The leaves are from two to twelve inches. It flowers in Octo- 
ber, There are from twenty-one to twenty-five pairs of spikelets, the awns are 
brownish and the outer glumes not so hairy. The roots are deep and wiry. 

The following are analyses of soils from typical places where these two species 
were growing. The analyses were made in November 1920 after a monsoon rain- 
fall of 21*54 inches, which had, however, ceased about six weeks earlier. 



Soil from, 
beneath annual 
variety 

Soil from 
beneath perennial 
variety 

Moif?ture 



. 

1*83 

3-46 

Loss on ignition 



, 

3'48 

8-26 

Sand 



• 

48*89 

58*94 

Lime . . 



. 

0*13 

0*17 

Phosphoric acid . 



* 

Oi.O 

0*17 

Potash 



• 

0*35 

0*42 

Nitrogen 



• 

0*06 

0*12 


In July 192J after 26 cents of rain the water content (total water) of two similar 
sites w^as 3*66 per cent, from beneath the annual variety, and 7*19 per cent, from 
beneath the perennial variety. 

It is plain, therefore, that the annual variety is a colonizer of much poorer soil 
than that on which the perennial flourishes. The Tegnx Andropogon contortus is ■ 
all of the perennial type. The annual type is usually found on the very shallow 
parts of Deccan soils. 

These tw^o types come true from seed, as w^e have experimentally tested in our 
nurseries and in field plots. 

Bews^ mentions Andropogon mitortns as "" an early flo veering species which forms 
vernal aspect societies.’’ This certainly does not correspond with our perennial 
variety but is true of the annual variety. 


^ Bews, J W. Grasses and Grasslands of South Africa, p. 117. 
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Bumwmr^. lu Andmjmffm- coniorlm wa have a species well adapted, to' poor 
soil and dry coiidifioiiB. It docs not, however, represent the mwst stages of a siiccea- 
sion. Next below it comes a phase in which the Aristidm dominate. 

Amim}mp'it cmilfirtas gives a good fodder until the spears form. If made into 
hay or sikge before these spears harden, the grass is roost useful The spears rapidly 
harden, however, and along with this there is an .immediate drop in the feeding 
value of the grass as indicated by analyses. ' 

lleplacement of Amiropmpn CAmisrim by other grasses has been siicees.sfiilly 
carried out at ({overiin^ent House, Foona. has never managed 

to get a footing among the Amlropmpn pertusus of the Agricultural College 
ridges at P«>ona, At Pinipalgaon Basvant ft. was found 'among Animpogm M.ofili** 
cdu and Amlropogon purpureo-siTicms only where erosion had left a soilless; rocky 
channel 

Burning, cutting and grazing do not kill out the pereiimal variety at Tegur* 
At Tegur and elsewhere if the Amlropmpn contoriiis m destroyed by the plough it 
comes back very slowly but for the first few jems Ant, hisliria eilmta dominates the 
ploughed portion. 

We frankly admit that \ve are not anywhere near finality in our study of this 
species, but the indications are tow’irrds.the following tentative conclusions ■ 

(1) If extirpation is wanted then there must be either one or more of the 

following changes in the environment 

(а) Ploughing u]> of the existit^ grass. 

(б) Alteration of iJie nature of the soil and espec?! ally of its \vater con- 

tent. 

(e) Introduction of competing species. 

(2) If utilization is desired then it must be by silage and hay-making not 

later than the first appearance of the spears. 

(S) If the prevention of invasion by spear grass is desired then all that is 
necessary is the prevention of the killing of the existing cover by over- 
gi'azing or mechanical injury of other kinds. 



Different analyses of Andropogon contortus and its comparison with Andropogon annidatm and Jsadki. 
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S'hmpm§'ihs'tme of and the lengih of life of phrds grmn in' pots, 


2, The Aristida species. '■ . 

Of these, there are three common on our poorest land, mz., A, redacia,' A.Jtmi- 
culatami A. Adsmmdofm. They have the common character of the genua, namely, 
the tripartite awn, and the following diSerences in the awn between themselvas* 

A. redacta. This is the most easily recognised as two of the branches of the awn 
are very short, and the third long. 

A, funiculoM. The column, (the undivided part) of the awn is up to two inches 
long and is twisted and scaberulous. One of the awn branches is slightly longer 
than the other two. The mm is articulate on the glume. 

A. Adscemdonis. The column is not more than an inch long and the awn is 
not articulate on the glume. 

These are grasses of low stature giving little foliage and poor feeding. They 
produce spears earlier than Andropogon contorUis, Their spears are finer but very 
annoying. When dry in the awned condition an area of Aristida is mere tinder 
and a spark will start a fire that travels with great rapidity. 

The conditions suitable for the Arkiidas are, as we have seen at Kalas and 
elsewhere, open dry situations with poor shallow soil. It covers enormous areas 
in the very dry poor parts of the Deccan. Buffaloes have been seen to graze Aristida 
fufmvlata greedily when it is in the young state. 

; ‘ The Aristidas mark a stage between the lithophytes and Andropogon contortus. 

The Kalas quadrats indicate this, also observations in other similar areas. An 
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1 
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grazing is restricted and soil water conserved. 

prweS' ^ ^ 

vra.?if ?®T "^^^^rred to significantly as needle grass and poverty 

Limv ? situations in America. In South Africa still othe/species 

occupy dry barren areas. ^ 

3. Andropogon annulatus, Forsk. and Andropogon cmicosus 1.. 

v.r^7 grasses are usually lumped together by hersdmen and given one 
ernacular name. In Marathi this name is Marvel, and in Gujrati Zinzvo. 

sood fodd^f consensus of opinion among aU writers that these are speciaUy 
flso tSnfT!l tJre opinion of farmers and herdsmen It is 

fodder^f i^eift^^^T" ®^y®. “ It is considered an exceUent 

sMetble amnw ^ dry state.” Duthie^ remarks, “ It yields a con- 

s atef 'r ot” E,angachari« 

and qpPTno + “bother common grass flourishing in cultivated fields and gardens 

and stands cutting very ^ considerable amount of fodder 

eatm^bv Lisboa* says that it is “ esteemed as good fodder, 

bunds of rifldd ' fi ^“g^cjiari says “ This is a common grass flourishing on the 
iT^e where there is suflacient moisture 

perhans the moi ^ 'I common m the dry zone (of Burma) where it is 

pernaps tie most important pasture grass.” 

The following are analyses of the grass (A. annulatus) :— 


Before 

flowering 


Per cent. 


In flower 


Per cent. 


After 

flowering 


Per cent. 


i^loistnre , 
Ether extract 
Albuminoids 
Carbohydrates 
Woody fibre 
Ash * 


^Lisboa. Bombay Orasses, -p. 82. 

I Bodder grasses of N. India, V.ZZ. 

I ^lZt^BomiayO:ZTp.T^ 

“ MoKOTrar^’^Thp^nf Bodder Grasses of the Madras Presidency. 

mmoner Grassps of Bvrma. Dept, of Agri., Burma, Bull. 20, p. 12, 1923. 
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Andropogon amulalus and A. oaricosus arc rather like one another as may be 
judged by the fact tiiat they are lumped as one variety in the vernacular. They 
arc botanically distinguished by the following marks : — 


Amiropogori mmduim ' 
HabiL Medluii'i sr/c wiili temiiial 


Big. awl tiifiml with torniiiml and axillary 
jitflurcst'enccM, 

feliorti 

Light piiipiish-groeii. , 

Short. 


kaim ofh si€m» ■ Long. 
Infl&mcence mhur , ' Furplo. 
luftweseetwe Mim Long. 


Botli are variable. Hacked' cleaeribes three varieties of A, mnulaius {gemdms 
(leccdmim and Bladkii) and Hooker^ adds a fnurtli {papiUosus), These differ from 
one another in hairiness/ The present writers are not prepared to say that their 
observationB entirely confirm lliis classification. Having regard to similar vari- 
ability found in several other grass species, and in cultivated cereals, we are inclined 
to think that any aiteiiipt at botanical determination of varieties without genetic 
teste is premature. Of one fact we arc convinc.ed that both species, and especially 
J. unnulalus, are variable. Wc have already shown that in the species Andropogon 
conioflus there are two genetically distinct varieties, and we Iiave* eonfirined this 
in cultures. The same method must b('. applied to other %vild grasses if certainty 
is to be reached. 

It seems to us that throughout the whohi sciemee of taxonomy it is now time 
that the practice of naming varieties and s])ecieH from casually colleotexl specimens, 
dried and prevssed, aliould be stopped, and that the only scientific method of pure 
culture should be substituted. 

Ecology of Marvel {A. annulalus and A, oaricosus considered m one). We have 
already shown how Marvel dominato in the part of the Kalas plot where there 
is plenty of soil water. In recent years there has been rather too much water as 
is indicated by the increasingly swampy nature of the vegetation in No. II and 
No. VI quadrats. The effect on the Marvel is to develop a purple colour in the 
leaves and to stunt growth in the early rains. 

We have also shown how this grass dominated in the compound of the Economic 
Botanist, Poona, in a lawn planted with Gynodon daeiylon^ and in an area where 
the normally dominant grass was Andropogon pertiisus, in unwatered soil. 

In the European cemetery at Poona in deep black soil Marvel is absolutely 
dominant to the exclusion of all other grasses. This soil is never grazed^ but the 
grass is cut annually. In the poorer grazed soil outside the cemetery Andropogon 
eontorim is the dominant grass. 


^ HaokeL Monograph Andropogon^ p. 479 . 

* Hooker. Mora of British India^ Vol, VJII, p. 197, 
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We have shown is found at Chharodi in the part set aside for cutting. 

At Tegur it could not stand against the competition of AntJmtina cMiafamdAn- 
dropogoneontortus. 

The natural conclusion is that in Deccan soils if the soil water is sufficient and 
if grazing is not severe Marvel does establish itself. The places where it has 
established itself at Kalas have a total soil water content in the dry season of 6*54 
to 13*25 per cent. In Gujarat with its more retentive soil Marvel will usually 
establish itself along with other good grasses if it is not too heavily grazed. In 
the Southern Maratha Country it cannot establish itself in the t}rpically Andfopogon 
contortus tracts, but where there is heavier rainfall and more soil moisture we think 
establishment is possible. In the heavy rainfall areas of the coast it is not so pro- 
minent, but either on the coast with a lighter rainfall or a little way inland one 
gets Marvel as in the reclaimed land in Hansot or the jungle at Neral). 

Bews^ says Another small group (of. Andropogo^i) is confined to the semi- 
open veld, or dry rocky hillsides of the centre and west (of South Africa), viz., 
Afklropogon Monticola var. trinii, from Bechuanaland, which is noted by Stapf as 
also occurring in Indm^ A: isehaemimi var. radiemts, A. seJiimzii and A. annulatm.^^ 
He therefore allots it to conditions veiy similar to those in which we find it in India, 

4. Andro 2 ')ogon pertMstis, Wil^^^ 

Of this grass there seem to be many forms. HackeP mentioned lour Indian 
varieties, united by intermediates. Our remarks as to the taxonomic methods 
in the section on Andropogon mmidatus and caricosus apply here also. We 
have seen on the hills of the Deccan a form with red wiry runners. In better soil 
the runners are not conspicuons. The distinguishing mark of the species is the 
pit in glume I of the sessile spikelets. 

Hooker^ states that the grass is both annual and perennial. Rangachari^ calls 
it a perennial. Our observations indicate that a plant will last for at least twelve 
years. 

We have mentioned this grass as common in the estate of the Poona College 
of Agriculture, in six inch deep soil, with a twentj^-seven inch rainfall and moderate 
grazing. It is also common in the compounds of the College of Agriculture at 
Coimbatore. At Tegur in land near jungle with very shallow soil having a slope 
of 1 in 10 we found ^4. the dominant grass. There were also present there 

A. Monticola Q^Jid A. contoTfMS, 

There is little doubt that it is drought-resistant. An Australian writer® saj^s 
some years ago I had this species growing on a lawm for which I found it a very 


* Bews, J. W. Grasms mid Grasslands of South Africa^ p. 55. 

^ Kihckel. Alonograph Andro2:iogon f^. A*19. 

® Hooker, Mora of British IndiaiYohYllIi p. 114. 

^ Eancjacliari. A Handbook of Some South Indian Grasses^ p. 191, 
^ Acjri: Gaz. ofN. S. 
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suitable grass, buth for suiuEier and wmter. After being cut a, few times it, assumes ■ 
a dwarf compact liabit and k easily kept in order with other lawn grasses. I can, 
recoinmeiid it. as a lawn grass for some of the d:ri,er districts of the colony.” 

As to its ffKider value WattI- sa3'8l*Itl8 an, excellent grass for grazing and stack" 
ing.” l)mhic‘“ says it is found in light soils; and puts it among the first class fodder, 
grasses. Rangaehari® remarks This m an axcclleiii fodder grass and it grows 
c|iiickly and stands cutting v.ery w^elh Cattle eat this grass very well.” 

One occasioiudly comes across- the statement tliat this grass has a smell which, 
makes it unpalatable, as when McKerral^ -says, /* Coninion in .the drj^ zone and of 
some use, although some cultivators state that cattle dislike' its: bad smell and 
bitter taste.” ■ 

We liave seen it browsed with -relish ,year after year. If there is anything in,' the 
statement as to bitter taste and sniell.it may refer to some variety, or it iiiay be, 
largely imagination. Where this grass is present it is to be encouraged.. If well 
treated it will last, and if the soil moisture increases will tend to give way to even 
better grasses. 

Bews^^ states that in South Africa Andropqjon perliisHS occurs usually in the 
eittly stages of subseres but may be found in more stable veld.” By this he means 
that the species Amlrojmgon pertm^^^ usually found in the earlier stages of a suc- 
cession back from land disturbed by cultivation or other interference but may 
persist in the later stages. , , ’ 


VIL The PROFAGATIOK; Ot, WILD ■,aRASS-'ES B'Y A,ETIF1CIAL SEEDING. - 

For some years the Umted States Department of Agriculture has conducted 
experiments in artificially reseeding worn out native pastures in the west, but 
practical results are limitocl to a small acreage of lands where soil and moisture 
conditions are very favourable. Even on such lands it is frequently a question 
whether the increase in fodder will justify the expense of seeding. Results also 
indicate that turf formers are the only grasses which will be maintained and will 
dontinue to spread from initial planting at high elevations, and that success has 
been had with native rather than exotic species. 

In our conditions we have in our experiment successfully renovated a spear 
grass area at Poona by extirpating the existing vegetation and re-sowing with 
seeds of useful wild grasses. This experiment is described in detail in another 
publication by one of us. (L.B.K.). 


^ Watt.. DicMonary of Economic Products of India^ Vol. Ill, x>‘ 

* Dutlue. Fodder Grasses of N. I-ndia, p. 72. 

* RangacharL A Handbook of Some South hidian Grasses, 

MeKerral, A. The CommOBer Gi*asses of Burma. Depi, of Agri., Bvrmai Bull. 20, p, 12. 1923, 
^ * Rews, •!. W, Grasses and Grasslands of South Africa, p, SS, 1918. 
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At Kaks in tHe area wte ecology we have described earlier in this paper, we 
ako tried reseeding. A strip down the middle of the area running its whole length 
was ploughed in 1920 (just after enclosure) and reseeded in June 1920 with a mixture 


e following wild grasses 

' Grass 

Andropogon purpufm-sericeus 




Amount in lb. 

70 

A. MonUcola 

^ , 

. . . 


. V 20 

A. caHcosus . 

• . 



10 

A, pertusm . 




10 

Thehpogon elegans , 


. . 


'25',, 

Anthistiria ciliata . . . . 




. . 20 

IscJimmumlaxum . , . . 




. 20 

Apluda I'aria. 




20 


In addition the following wild legummons plants were added in the hope that 


by their growth and decay they might add nitrogen to the soil— 

Tephrosia purpurea . . . . . . . . . . . 2 

PsoraUa corylifolia , ^ . . . . . . .1 

Indigoferaglandulosa . , . . . . . . . . 5 




The plot on which these were sown amounted to about 2 acres. An early effect 
of this treating of the land was the appearance of a weed flora from among which 
Vinca piisilla was dominant. In the first two years Andropogon ptirpureo-sericeus 
showed a fair stand, especially in the low-lying area, but later practically disappeared. 
Of the other plants sown Apluda varia is fairly common and even dominant in some 
places, while Tephrosia purpurea is found here and there. Neither of these is found 
outside the reseeded strip. Otherwise the reseeded strip is similar to the rest of 
the area, the other grasses having failed to establish themselves and the check to 
the normal vegetation (due to ploughing) having been got over easily on account 
of continued enclosure. 

The reason for lack of success in reseeding with wild grass seed is the generally 
unsatisfactory germination capacity of such seeds both in America and India. 
Certain wild species may have fairly high germination percentage but most of them 
give very low figures. The table below shows the results of tests carried out at 
the College of Agriculture, Poona, in 1915, 1920, 1921, and 1922. 

One hundred seeds of each of the follomng species were put in small flower 
pots filled with fine sand. These pots were placed in big trays filled with water 
so as to keep the sand constantly moist. The pots were covered with glasses. 
Germinated seeds were removed daily and complete record of the number germina- 
ting each day was kept. The seeds were tested twice a year, namely, once in Janu- 
ary or February that is after the seeds were collected and before they were finally 
stored in tins, and a second time in June or July that is before the seeds were 
used for sowing in the field. 
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Cfihrin ItarlrtHa 
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means seeds not tested. 


• means pots kept outside the room. 

0 means that seeds did not germinate. 

Later teste gave similar figures. Tlie higliest value got in single tests were 
80 per cent, for Andropogon purpureo smceus and 70 per cent, in the case of Andro- 
pogm contortiis. 

The causes of the comparatively low germination percentage of most wild grasses 
are probably many. Among these may be— 

(1) Varying maturity at time of collection, since grass plants mature their 

seeds from one or other end of the inflorescence. 

(2) The possible need of a rest for the “ after ripening ” of the seeds of some 

i , - . - ■ ®P®cie3- In addition, one should remark that much so-called seed 

' ; , ; ’ ! ; , • w collected seed of wild grasses is not seed at all, but merely 
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empty husks. Siiclx empty husks are producecl either by spikelets 
that do uot usually contain female flowers, or the spikelets in which 
the female flowers have failed to set fruit. 

^ W — 

(1) that much collected seed of wild grasses consists of husks, 

(2) that of the true seed the germination percentage is low, 

(3) that of this low percentage many will not survive in field conditions, and 

(4) that the collection of the seed is an expensive process, 

we are forced to the conclusion that artificial reseeding of natural pastures will 
be rarely applicable as a means of renovating depleted grass lands. 


VIIL The BuRNiNa OF Grasslands. 

During the dry season and especially in the hot weather grasslamls in India 
are liable to take fire. In the carefully guarded area at Kalas we have had two 
fires due to (1) accident and (2) incendiarism. The area just outside the fence 
is burnt annually (accidentally) and only an eflficient fireline prevented the protected 
area from sunilar mmual burning. It should be mentioned that the inflammable 
vegetation outside the Kalas fence is very low in height (having been so heavily 
grazed) and small in bulk. In areas where tall grass is allowed to remain and dry 
up, the i*i>sks of fire are correspondingly greater. 

The actual effects of such burning on grass lands in the Deccan have been observed 
at Kalas on (1) burnt quadrats, (2) the accidentally burnt area, (3) deliberately 
burnt strips. 

The burning of quadrats did not decrease either the total number of plants 
present or the number of species represented. On the other hand, denuding by 
scraping put back the vegetation as to density and gave opportunity for weeds 
to colonise the bare areas. The accidentally burnt parts were unrecognisable from 
the unburnt parts at the end of the following rains. We have already mentioned 
on page 7 the effects of burning in forcing early growth, and the evil effects 
of undecayed vegetable matter lying on the soil as an impenetrable mulch. 

Hole^ has given some important data and conclusions regarding the effects of 
firing in the Dehra Dun Valley and its surrounding hills. Reference must be made 
to his original memoir for his full arguments, but he summarizes his facts by saying 
In addition to the direct action of fire on the grass plants, also, -we have to 
consider another important point, w., the effect of fii-e upon the soil. It is obvious 
that any factor which decreases the wateiv content of the mily ipso facto, renders a 
locality unfavourable for the vigorous growth of robust mesophilous and hj^^o- 
philous species and tends to produce conditions suitable for the growth of more 
xeroi^hilous plants. 


^ Hole, R, S. OnSqme Foi’est and their Ecology. Jnd, l^of, ilfem,, I, 1, pp. 1 19-120, 

mi. 
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wajll-" ** *“ principal 

(1) By directly destroying the humus which may exist in the surface soil 
and by effectually preventing any further addition to the existing 
supply through destruction of all dead leaves and organic debris. 

(-) B) altering the character of the clayey constituents of the soil in such 
a way that loam to a great extent lo.ses its power of retaining water. 
iJie texture of the soil becomes coarser and percolation is increased.” 
Hole is dealing with a district that has an 80-inch rainfaU and where coarse 
^a.sse.s particularly Narmga and Saccliarum Munja, grow iu.xuriantly 

n our heavy rainfall areas it k probable that we mav have son^thing likrhkTo n-’ 

\e found that enormous coarse growth which is commonplace in the area of which 

Deccan, most of Gujarat 

and the whole of the Southern Maratha Country it would be a cardinal error to do 

^Sv T uTSd In all these parts and 

espeaall.\ m the Deccan we need to increase the waterholding power. We kvve 

m the Deccan seems to follow increase in water-content. 

Bewsi m South .Africa comes to the conclusion that if the grassveld is of a primi- 

Sragrosiis dominant (like much 

+1, ^ prevents the plant succession from going any further If 

he grassveld ha.s developed further and carries AntMsUria ts a dominant species 

S Southern Maratha Country grtisslands) then burning send^s the 

Su w?® ^^^^-Eragrostis stage. If the grassveld carries 

WaS Jtl® ^ I>’^rned deli- 

berately to send it back to the preceding Amlmtiria stage 

burning tends to 

produce a more xerophilous type of vegetation. 

It is plam then that, as a tentative procedure for Western India, 

(except the coast) and the Southern 
Maratha Country, avoid burmng. We should, however, take care to see that no 

soil Tbp ^ t wish to increase the water-holding power of the 

k L ^ ^ t produced at the end of the rains and 

18 too sclercnchymatous to rot easily. During the rains, due to grazing and cutting 

and casual withering there is a small annual addition of humus toat^ill graduaUy 
hav^ds effect, if we can keep that effect from being annulled by fire in"^he dry 

; , 1 Bews, ,r. W. The Grasses and arasslaiids of S^nih Africa, pp. 141-142, 19ll ~ 
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iaciease of the stamps of pereanial grasses also acts as a potent 
meaiis for preveEting rtia-off and with these two agents at work (increase of humus 
and of perennial stumps) the water-holding power of the land will gradually improve 
and the vegetation change from poor into good grassland. 

(2) In areas of heavy rainfall, it may be necessary to burn if tall coarse grasses 
are likely to dominate, but the fact of a grassland merely being in a heavy rainfall 
area does not mean that it should therefore be burned. We have seen that at 
Mulund in a heavy rainfall area the grass cover was very meagre due to trampling 
and over-grazing. Again, in heavy areas the aim should be to have the grass cover 
off the land before the dry weather, leaving only short stubble, and burning only 
if necessary. 

American experience of burning is as yet inconclusive. One of us (L-B.K.) 
saw some experiments in 1924. The following may be mentioned. 

In the foothills of the Jornada Range Reserve, New Mexico, burning in Rebruary 
was done. In July the burnt area gave decidedly less hav than the unburnt one ; 
there appeared abundant annual species including grasses in the burnt area ; the 
grama grass (jBowi^eZowa olygostacJiya) killed out by burning. 

In California in the Sierra mountains, burning of the foothills in August 1923 
produced a dense growth of annual weeds with low forage value. 

Experiments at Redding in California were not conclusive. 

Experiments in Kansas rather favoured burning, but there the conditions are 
markedly different from the south and the results camnot be considered so appli- 
cable to Indian conditions. 

IX. Conclusion. 

“ The first step towards the discovery of the most scientific and therefore the 
most economical and productive treatment ’’ (of grassland) is the careful and 
thorough study by trained investigators,’ of the natural composition, behaviour 
and succession of the vegetation.^/’ 

In the preceding pages we have endeavoured to record what we have discovered 
as to the composition, behaviour and succession of the vegetation of certain grass- 
lands in Western India. The results are hopeful. Very poor land in areas of 
moderate rainfall has produced under careful treatment useful stand of grass within 
five years. Salt land on the coast as it becomes drained carries good grass. Other 
coastal districts have excellent vegetation easily destroyed or caused to degenerate 
by trampling or over-grazing but quickly ameliorated by controlling these factors. 


In Gujarat and in the Southern Maratha Country very fine pasture can be developed 
with moderate care. 

The Indian public and its legislators have been for some time alive to the need 
of such care and improvement. In 1915, the Honourable Maharaja Ranjit Sinha 


^ Nalvre^ August ^3, 192h In)perial Botanical Conference, p. 294, 
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put rt qHofition Tpgarrling tJie deterioration of Indian cattle ai 
eoimnon gmzmg grounds in the ImperiHl lA-gislativo ('ouncil'. 

1 . Mami, Director of Agriculture of tlie Bombay I’rcsidencv, {„ 
of ihe Huml of Ag,-, culture the need for a systematic invesHgat 
luent oi grass areas as a measure against famine. In lt)20 
lliakurdas. ,n hin eapatuty of trustee of the Cow Protection Ko 
the ilKui \ icoroy on matters atfecting the welfare of cattle and 
eajmcity t(^ produce all the fotlder necessary for the upkeep of 
arrangements w'ere made. ' r t 

What !B now required is experiment on a large scale on th 
treatincnts, particularly the American methods of deferred and 
m.KlitK'd as required for different tracts in India. We are fort 
tJus matter the co-operation of some of the rieli cattle protections 
subj^r'^ tHereby to still further increase our knowledge 

W^ith the increasing demand on land for the growing of me 
creasing need for draught cattle and pure milk, and with the in 
researches m ammal nutrition showing the value of gras.ing as 
feedmgq it is plain- that this important investigation must be ca- 
as an mfegral pari of the measures taken for the permanent en 
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Specm found in the enclosed grass a fea at Kcdas. 


Natural order 

Species 

PapaveracesB . . . 

. Argemom mexicana I#. 

Capparidaoea . • • 

. Chome simpUcifoUa KK f. & T. 
„ viscosa Diun, 

Polygalaoese * 

. Polygala erioptera DO 
„ chinensish* 

Portulacaoese . , . 

, Portuhca oleracea 

Malyacese v 

, JSida grewiodes GP & E. 
Gossypium hirsutum L. 
Hibiscus micranthus, L. f. > 

Tiliacese 

. Gorchorus trilocularis Burm. 

Caryopliyllacess . 

, Polycarpcea eorymbosa Lam, 

Geraniacese , . 

. Monsonia senegaUnds G & P. 

Meliacete 

. Azadirachta indica Juss. 

Bhaninaceaj . , . , 

. Zizyphus juguba Lain. 

Legumin<DS03 . . , 

• Heylandia latebrosa DO. 


MhyncJiosia minima DO- 
Ahjsicarjms monilifcr DO. 

„ nigoans DC. 
Grotalaria guncea I-inn. 

,, flUpes Bth. 
Indigofera cordifoUa Heyne. 
„ UnifoUa Betz, - 
„ glandnhaa Willd. 
„ trifoliata L. 
Psoraha corylifoUa I^inn. 
Tephroski purpurea Pers. 

« tenuis Wall. 
Sesbania aculeaia Poir. 
Zornia diphylla Pers. 
Phaseohis trilobus Ait. 
Cassia Kleinii W. & A. 
*4cacia am6ica Willd. 


Oucurbitacece 

, Goccinia indica W. & A. 

Cactacea3 

. , Opuntia elatior. 

Rubiacea) 

. Bpermacooe sirictaJj.h 
„ hispida L. 

Oldenlandia aspera DC. 
Anotis Montlioloni'BKA, 

Oompositee . 

. , PuUcaria WigMimia Olke. 

Lagasca ^tmlUs Oav. 
Glossocardia UnearifoUa Cass. 
Ticoa auriculata Gass. 
TricTwlepis radicans DO. 

( 66 ) 
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Afmnmx 



posit© 


F«rw/)?aw rinerea 

axillaru li. 

iMunma nmdicnuUa II. f. 

Trkktx profmmbcm Linij. 

Vinm iHiBiUa Mwrr. 

CahiintpiB gigftfitm Br. 

Dmmm f-xiensa Br. 

Oan^corai dfxurmm Dul. 

Mri^thram UoxbmgkU Dod. 
Hdioifopium ovaUf^dium Fornk, 
Trirhodesmi imikam Br. 
Ewdmim ilaimides liiiiu, 
Ipmea ^mdigridis B. 

Striga Mm l^our. 

tf (hmiflora Bth. 

Sopubia delpMmfdia Don- 
LeiMagaihig crisiata Willd. 
Jmticia diffma WiHd, 

»» guinqueangularis Kuen 
Afdr^raphis echioides Nees. 
EueMiu patula Jacq. 

Upqda ntdifiam liicli. 

Mfitum mnmm I.. 

Leuca4 longi folia Bth. 

Lamndula Burmanni Bth. 
Ortkmphon iomenU^sa Bth. 
Boerlmatm diffma B. 

arwemis Forsk. 

Oehaiu argenka L, ■ ■ 

Mupkarbia coecinia Rotlu 
f* hypericifolia B. 

genicuhia Ort 
M piluUftra 

Acdypha malabariea Muell. 
PhyllanthuB f^aderospatenms L. 
Fhiggea microcarpa Bl. 
Ohhrophytum tuberosum Bak. 
Asparagus racemmus Willd. 
Iphigenia indica Gray. 

Bcilla indica Bak. 

Aaphodelus tenuifoUus Cav. 
Gyanoiis iuhvrosa Schult. 

» fasciculata Schiilt. 
Gornmelitm Forskaloei Vahl 
Kyllinga triceps Eottb. 

Gyperus rotundm Binn. 
FimbrisiyUs Woodromi Clko. 
Andropogon contortus Linn, 

Monticola Schult. 

»» annulatus Forsk. 

»> caricosus Linn. 


Apocyuaep© 

AH('l0pia{lae4»» 


Gentianatane 


Boraginaeeia 


Convolvuiacesa 


Scrophnlariace© 


Aeanthacese 


Verbenace© 


Labiatifi 


Nyctaginace©«) 

Amarantacese 


Euphorbia ce© 


Liliace© 


Oommelinace© 


Cyperace© 


Gramine© 


57 


APPENDIX 

Andropogon foveolatm Bel. 

»» pertmus Willd, 

>, pumihis K. 

„ pnrpnrm-mricmis Hochat. 
„ triUcem Br, 

,, 8chmna%t7ius Jj. 

Pennisetum cemliroides Rich. 

laeilema laxum Hack, 

„ Anders. 

„ anthephoroides Hack. 

Ischcenmm laxum Br, 

„ sulcatum Hack. 

„ pilosum Hack. 

Panicum colonum 
„ Isachne Roth. 

„ javanicum Poiv. 

Tricholmm. rosea 

Polptoca harbata Stapf. 

TheUpogon elegans Roth. 

Lophopogon iridentatus Hack. 

Apluda varia Hack. 

Manisuris granularis L* 

Aristida redacta Stapf. 

„ funiculata Trin. 

Gracilea Royleana TA. f. 

Tripogon Roxb^trgkii Bhide. 

,, Jacquemontii Stapf. 

Gynodon dactylon Pers. 

Dinebra arabica Jacq. 

Bragrostis tenella R. & S. 

„ major Host. 

Oropetium TJiomcem Trin. 

Tracliys mucronata Pers. 
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SUGARCANE BREEDING-- INDICATIONS OR INHERITANCE: 

BY 

RAO SAHEB T. S. VENKATEAMAN, B.A., 

Govimimmt Sugcmm^e Expefty Coimbatore. 

(Received for publication on 2nd S^ugust 1926.) 

I. Introduction. 

In ordinary cultivation the sugarcane is propagated in the vegetative way, 
that is, from cuttings or seUs as they are popularly called. Grown in thismanner 
the crop largely resembles the planted cuttings excej)t in the well known case of 
vegetative bud sports. 

Sugarcanes frequently flower in the tropics ; but, fox a long time, it was not 
known that they produced fertile seeds. The fertility of cane seeds was first demons- 
trated in Java in the year 1887. Ever since that time, attempts are being made in 
almost every cane country to raise canes from seed with the definite object of 
producing seedlings superior to the cane varieties in cultivation. Grown from 
seed the resultant plants do not resemble one another or the parents even when 
precautions are taken against foreign pollination. Thus the ordinary type of 
pure line ” ; work with which all plant breeders are familiar, is impossible in the 
case of sugarcane and because of this, the sugarcane breeder obtains even in the 
first generation practically as man5r new vseedling varieties as the number of 
seedlings grown. This places the breeding of sugarcanes in a class by itself and 
different from that of most other crops, where, with ordinary precautions against 
foreign pollination, the closest similarity is expected and actually found in the plants 
obtained. 

Once a superior seedling is obtained from the very large number of types, it is 
subsequently multiplied for cultivation in the vegetative way from cuttings. It 
is this possibility of further multiplication in the vegetative way that renders 
possible any improvement of sugarcanes through breeding ; without it the improve- 
ment obtained in a new seedling would soon be lost among the extensive variations 
in the second generation from seed. The vegetative multiplication further pieserveB 
the original characters of the new seedling under cultivation for fairly long periods. 
Experience has been recorded elsewhere to the effect that new seedlings obtained 

through breeding deteriorate quicker than -the well known older varieties. This 

is not such a great disadvantage, as would at first sight appear, since in practice 
the continual production of new seedlings at the breeding stations results in the 
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In -spite of the above mlierent difficulties, however, the rather large number 
of seedlings raised, and the variety of combinations employed at the Imperial 
Sugarcane-breeding station at Coimbatore, have yielded definite indications as to 
the inheritanc e of characters in the sugarcane. It is true that the inheritance herein 
recorded lacks the precision that has now come to be associated with similar studies 
in the case of most other crops ; but in the face of the inherent difficulties above 
mentioned, a greater precision cannot reasonably be expected. The indications 
of inheritance mentioned below have been of considerable use in the breeding of 
canes in India ; and, as such, it has been thought desirable to collect together what- 
ever data ha£ accumulated on the subject. 

Tables of results given in support of the various statements made in the text 
do not represent the whole of the available data ; it has been thought sufficient 
to present the typical cases alone, thus avoiding the overburdening of the tables. 

ni. Characters studied. 

(1) Vigour of growth. 

Tins is a character of importance in the cane and is one of the chief factors 
responsible lor the total tonnage of cane in the field. Sugarcane varieties show 
considerable differences in the general vigour of the seedlings obtained from them, 
some of the Coimbatore seedlings being rather remarkable in the vigour of growth 
shown by their progeny. 

When, tberefore, it is desired to introduce vigour into a batch of seedlings which 
is otherwise satisfactory, the particular parent is crossed with varieties or seedlings 
which, it is known, do produce seedlings of marked vigour. It often happens, 
however, that the cross introduces along with the vigour certain other undesirable 
characters; hut the wide variations obtained in the resultant population some- 
times gives the desired combination, if the cross is raised on a sufficiently large scale. 

The weight of the whole plant at harvest is an index of this character and the 
improvement in vigour obtained by a suitable cross pollination is seen from the 
table below. 

Table I. 


Influence of pollinating jment on the vigour of resultant seedlmgs. 


Parentage of seedlings 

Nnmher of 
seedlings 
studied 

Average 
weight of 
seedlings at 
harvest i n lb. 

Vellaix Striped Manr.* . ■ ' . . , ", " ■ ■ , . . ^ 

39 

■ ■■ 52- ■ 

Vellai X Ashy Manr. ' 

67 

49 

Veliai X (Indian cane x Sacch. Spont) ... 

87 

103 


’*‘In this and cvthnr ta'blos ‘Maiir.’ is a. contraction for ‘ Manritiiis/ 
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Ashy Mauritius and Striped Mauritiua are tropical ca 
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(2) Habit of PtAirr. 
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(3) Tillerino. 

vSf f ^ <Jppends file total mmiber of canes 

anes.ndifferentvariet.es. The Indian canes and certain of the Coint 
dhngs ]»os.ses.H a larger number of tillers than tlie tropical cane.s ; .scedlines 
ormer c ass show a relatively larger numher of tillers (Table ]]). Table 
ite.s the influence of the pollinating parent. 

Table IL 

Ty.uhUw muring in seedlings frmn Iropimhmd hulian ,mm: 


Average 
njimbor of 
tillern por 
wwIJmg at 
arvosf 


Number af 
seedlings 
studied 


striped (Tropical cane) 
btCNoal red (Tropical cane) • 
Baretba (Indian cane) 


Table III. 

Influence of polUmtting pamif on tilUring. 


Average 
n uni be!* ol' 
tilktra por 
.seedling at 
hni-vest 


Number of 
.seedlings 
studietl 


Parentage 


Vellai X tsopical cane 
VelkixOd, 292 . 




Habit in sugareanets. 


t 










T. S. VEKKATBAMAK 


117 


Co. 292 is a hybrid between an Indian cane and Sacch sponianeum and possesses 
a large number of tillers. 

Tillering is a character of importance in cane and received considerable atten- 
tion at the hands of Dr. C. A. Barber, C.LE.^ In certain recent root studies by the 
writer, a definite correlation has been found to exist between good tillering and an 
early and rapid development of the shoot roots after the germination of the 
setts. ■ ■ ' 

It has further been found that the early depressed habit in certain canes directly 
helps in the tillering by bringing the first formed vsboots into close contact with 
swounding soil, thus accelerating the development of buds from these shoots. 

In a cane plant the tonnage of canes at harvest dtpends on two factors, viz,, 
(1) number of tillers in the stool and (2) weight of individual canes. In certain 
localities — like the Northern Circars of the Madras Presidency— w4ere conditions 
obtain, militating against the development of a deep root system and high winds 
prevail, it would appear desirable to secure the tonnage rather by a larger number 
of short canes to the stool than by a smaller number of talier canes. Indications 
are not \?anting that such types could be produced by a suitable mating of parents, 
i lauritius seedling 1237 has been found useful in working to this type. 


(4) Leaf CHARACTERS. 

(b.) Width* One striking difierence between tropical and Indian canes lies in 
their relative leaf widths. For cultivation in siih-tropical India, the broader 
leafed kinds have been found to be comparatively unsuitable. The narrower leafed 
forms are generally hardier and more resistant to drought and other adverse condi- 
tions. In the Punjab, where the conditions of growth are perhaps the least favour- 
able ill India, the successful seedling canes have all been from the narrow leaf class. 
As w^e proceed /eastwards or .aouthw^ards , from that, province, conditions, of ."grow^th 
for cane steadily improve and the relatively broader leafed productions from Coim- 
batore, have found, their, iisedir^such'' tracts.' y', .■ 

This character was recorded^^^^^b^^ maximum leaf widths in ten 

healthy shoots of the plant at harvest and averaging the total Table IV gives 
the relative leaf widths of seedlings derived from tropical and Indian canes. Table V 
and Plate 11, Fig. 4 illustrate the influence of the pollinating parent. 


*■ Barber, C. A. Studies in Indian sugarcane. No. 4, Tillering or underground branoHing. Mewu 
Dept, Agri, India, Bot. Ser,, Vol. X, No. 2. 

* The naetbods for recording tMs and certain other morphological charaders menticined ir. the 
paper were origmally developed by Dr. 0. A. Barber, OJ.E. 
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presence of blotclies, here and ttere, of colours different from the main colour of the 
sheatli and (3) alteration in colour witii exposure. 

In the study of this character for inheritance the main colour of tie sheath has 
been taken for the classification. The Indian canes have the leaf sheaths more or 
less green ; and cross pollinations with these havo been found to introduce 
a large parentage of green sheaths in the resultant population* 

. TABnE'YI, , , 


Inheritance of leaf sheath colour. 


Variety 

IXnmber of 

Leaf sheath coloite of „■ 

seedlings 

studied 

Parent 

Seedlings 

Local red (Tropical cane) . 

314 

Purple. 

r 91 *2 per cent purple or vinous 

{^8*8 per cent green. 

f 4*0 per cent coloured other 

Saretha (Indian cane) 

1,000 

Green- 

< than green. 

1^96*0 per cent green. 


Table VII. - 


Influence of pollinating parent on leaf sheath colour. 
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! . 
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1 studied 
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<J parent 

'Seedlings 

Vellai X Co. 206 . 




^88*2 per cent coloured other 

160 
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Veiiaix Co. 292 . 
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{d) Ligular process. These are scarious extensions of the leaf sheath generally 
■pointing and tapering towards the apex of the lamina. They ...may be long or short , 
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('"») Characters of the cajve. 

(a) Thickness. Cane varieties vary widely in 
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thimier than the tropical kinds. In arriving at a figure for representing tte thick- 
ness of cane in a clump, the following difficulties were experienced : — 

(i) Variations in thickness among the individual canes of the same clump. 

There is, sometimes, a considerahle difference between the early and 
late formed canes, the former being generally distinctly thinner than 
the latter. The varieties belonging to the Pansahi group of Indian 
canes are very characteristic in this respect ; 

(ii) Variations between the top, middle and bottom portions of the same cane, 

the place of greatest thickness varying in different varieties ; 

(iii) Variations between the different portions of the same joint, depending 

on its shape ; 

(iv) Variations according as the measurements are taken in the plane of buds 

or at right angles to it. Canes which are oval in cross-section show 
a difference between the two measurements. 

Measurements for this character were recorded by laying together at harvest 
all the canes from the clump and measuring the average specimen as judged by 
the eye. 
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SUOARCANK BR«EUlNa~li,WOAWONS OF WHEWTANoK 

(h) Umjth, .Vliyi.snreiiH‘ijtn liavB been t-f.r#.r-,ln,i i 
at luirveHt. Cotnbinwi with JinWt, f hisclwracter detenni»e f iTl * -^'V* 

auil Moiwtiiig HI, avetHKO hijHicinieii for nujHHiiremeiit. ’ ^ * 

Till vrry reeently (be typicajK dwarf indiaii eanes ,|id ,h,i sef 
M-edluigs obtanied liavi. largely been from parenla md very wi.k v d 
‘'m> anot lienn hc.gdd Pbi.e I . fig. 3 repreaenf a tlie l,ar^ eat ‘ rm ari i 
of cro.s.se,s witli ]>. O. J. 213 as the female parent T),i« K«r:„ r 
interent beraiise P <l I OTrn ^ series of crossc 

im trust, uecuuHt l.U.J. 213 does not produce fertile iiollen of its oxv 

out lurgoly cl.anc» o .«l(.d „edlmg. i,. He re™Jl„„, Lul« ll 
l»rent tor the central bundle in the yictute wa, Kanjr knoZ to i 
Itiwtivel}- short seedlings. Ihe bundles on either side have as pollim^ 

varieties in an ascembng order in height. ’ ^ 

(c) S/iaj7e of joint. Thi.s is a character in which c-me ■ i 

; 1 r“( ‘i “i*’ '*■ as if 

wr” rf ftwfiH "f' ""f'“ •<‘‘0 »tapes in the .,econ.,«„ 

t le reco,d(,l »,tl, the buds tewani, the observer. Other tl.inus ) 

IS Sh.i|>c of jiiml iiinsi liiivc i.ii effect on tonnage „| eone ■ a barrel], 
.nslalK,,, would y.eld n.ore .....letial tor crushing than „ b .fn v ■ 
same length of rius ehantele, is besl reftded bv evatfni ,, 

the eanes cat Iton, the elntni, ; this rule, out variations among lh c Mt 
and the different parts of the same cane which are not. nneoo,.,... 


TiitLE XII 


Inheritance of shape of joint 


PE&C'iiNTAdE 


No. of 
stiedJiaga 
studied 


Variety 


ot joint iu 
inront 


Bifoucave 


Local led 


362 I Practically straight. 


Local striped 


82 j Thickening upwards 
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Pebcentage of seedlings 

IN WHICH IVORY MAR IC- 
INGS ' ARE 


Present Absent 


Table XIIL' ■ 

Infiuemee of polMnating parent on shape of joint. 


Shape op joint in 


Ho. o^f 
seedlings 
studied 


Parentage 


$ Parent. 


^ Parent 


Seedlings 


Practically 

straight. 

Do, 

Barrelled 

Do. 

Do. 


Practically 

straight. 

Thickening 

upwards. 

Bnrrellod 
Biconcave . 
Do. 


G8 

im 

40 


Veilai X Str. Maur. 


Vellai x Ashy Maur, 


P. 0, J. 2l3x Katha 


P. 0. J. 213xSaretha 


No. of 
seedlings 
studied 


Hone of the seedlings 
liad joints thickening 
upwards. 


40‘0 per cent, of the 
seedlings showed 
joints thtekeiiiiig up- 
wards. 


Barrel led 00 *5 per cent. 
BiconcaA^e 3*5 per cent. 


Barrelled 80*0 per cent. 
Biconcave 20*0 per cent. 


, , Variety 

Maur. 55 
Maur,' 90 ' , ■ . ■ 

Baretha : ■ / ' . ' 


Absent , , 

Present ; moderate amount . 

Present ; abundant on root 
zone. 


Barrelled 74*0 per cent* 
Biconcave 26*0 per cent. 


Table XIV. 


Inheritance of ivory nmrldngs. 


Ivory markings in parent 


(d) Ivory or corhj marhings. Certain varieties show on the joints long thin 
lines, grey or corky in colour, not unlike those found on ivory. Their presence and 
distribution is characteristic of certain varieties and has been of use in classif5dng 
varieties. 










Pamitacfo 


Xo. of 
seetUiiigf^ 


in parent 


Pkhukntagjc of sikbijkos 

IN wnu'li SPLITS AKK 


f^re.sent 


Absent 


Absent 

Kare 

Present 


Splits in 


PwiiaEMTAClK OF SEKDLIBQS 
I'H WHICH SPOT’S 
ABE 


? Parent 


Parent 


Present 


Absent 


P. 0. J. 21SxCo. 291 
P. O. J. 213 X Co. 20G 


200 

40 


Present 

Present 


Tablk XVII. 

liiJlHeHve (if polhmituiff parejif oi? split, 


Btudied 


p. o. ,c '2\:}xVn, 20] 

p. o. d. 2U:<i\K 2iMi 
I spoil solftTl 
(bvpii sport ^ KailfO 


Parentage 


Takj.e XV. 


* This is a bud sport from Striped Mauritius. 


Variety 


SUOABCAXE BEEE1)ING~IKDICATI0NS OF INHERITANCE 


Injhimireqf pollimithifi parent m irori/ 7„ndhip.^. 


No. of 
seeiUing< 
stndknl 


Ivory makkinos in 


ibilO.'KN'i'AU K ojfc 

IN Wfiirn ivoHY 
MAIlKlXfiS ark 


9 Parent 


Ibireiit Present Absf.nf 


Manr. 55 
Green sport 
Naanal . 
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(f) CiTclet of hairs. At tlie nodes and immediately lieneatli the bases of leaf 
I sheaths certain canes, chiefly the Indian.kinds, show a vestitiire of hairs of varying 

length, mimber^ and colour. Like some of its predecessors this character often 

varies not only in the different canes of the same clump but also in different parts of 

the same cane. It is best recorded at harvest after a bulk examination of all the 
canes in the clump. 


Table .XVIII. 


Inlieritance of circlet of hairs. 



ClEOLET m 


Parentage 


J Parent 


Present 


<J Parent 


Indicated • 
Indicated 
Indicated 
Indicated . 


50 

200 

50 

200 


P. O. J. 213xKatha . 
P. 0. d. 213 X Kansar • 
P. 0. J. 213 x Manr, 55 V 
P. O. J. 213x Co. 206 . 


Present 

Present 

Absent 

Absent 


' ; 'S table .XIX. ' 

Influence of folUnating parent on circlet of Iiam^ 


Peecehtaoe or SEi'nuiirO'S 

m WHICH OIECLETS 


studied 


Absent 


Variety 

No. of 
seedlings 
studied 

Circlet in parent 

PEECEKTAaB 0,E SEBULIKOS 
IN WHICH CXEOLETS 
ABE 

Present Absent 

.1 

Kaiudai Booth an . 

120 

Absent , . . 

2 

98 

Green sport . 

90 

Absent . . , 

,, 

* 100 

Saretha . . . 

100 

Present . . • , 

92 

. 8, 
















* S0aABOAHB BBllBIMG — IWBIOATI0NS Ot IHHKEITAHCE 

(6) ClJ AliAd’JBKS OF THE ' ROOT. 

The study of rooting is of iiiiportaiice in all agricultural 
hence the rttots constitute the chief medium through vvhic 
act on a crop ; and the character of th 

o locality and conditions where i ^ 

canes show- characteristic diiferences^in the 
of these is often of use in 
soil excavations needed in 
pensive ; and it has not been i 
heritance in the form of tables, 

(a) Depth. The tropicai ci 
ratively shallow root system. 


crops. The soil ard 
h environmental factors 
e root system gives valuable indications as 
a particular variety would do its best. Certain 


deciding the place.s to which to distribute t 
connection with root studies are both lal 
possible yet to collect sufficient data to 


compa- 

118 cJiaractcr appears to be largely resp onsible 
■anes of this class under field conditions in Nor- 
canes, a,H also Sacchawm spontaneum, possess a 
inception of cane breeding work at Coimbatore, 
rossed with Saccharvni .spontaneum ; and the 
comparatively deeper root system apparently 
“dlings have found their use under conditions 
g. 1). It has further been found that hybrids 

1*“^*’“*** ilifferences in consonance with 

e parents om])loye<l (PI. V). 

•lUffh stiff soiLs. investigations recently undertaken by the 
causes for the failure of certain canes in stiff soils have indi- 
le relative powere of penetration by the roots. The studies 
the two halves of the roots from the same plant to develop 
me filled with stiff soil and the other with sand. Roots of 
ker in this respect than those of certain Indian kinds and 
possesses this ability m a marked degree (PI. VI). Saccha- 
en found to have an appreciable influence on hybrids raised 
paren s. le seedling Coimbatore 205 now pojmlar in the 
■11 a tropical cane and Sacehanm sp,mtanetm—ii^ one example 


rther imi.ortaiit characteristic of Sacchamm 
i Hoil -aeration 

205 ha.s «^hown remarkable 


■and. tiins tlirive tinder, water- 
powers; 

Inde ^aracter^s in which indications of inheritance have 

I«de (.) tme and rapd.tj root development. (,Y) leneth of tao 

Some (ore,, gre^,, OotoWy. o.. 



Co* 205 grown without irrigation at the Government Farm, Gurdaspur (Punjab). It yields about 50 per cent, more gm 

(raw sugar) than the local canes. 


Co. 205 grown in a ryot’s field under swamp conditions. It yields in such conditions also 
about 50 per cent, more gm (raw sugar) than the local canes. 










Hem 


V' A,. 

S ainol 


SaccharwKin SpOH^aneM»rf 

The above line drawings 5ftrcre made" from photographs recorded when the plants 
were a little over two months old. TTe central vertical line in the pictures 
indicates the partition between stiff clay and sand. The two horizontal layers of 
wire netting are intended to catch the roots in their original positions, as they 
develop through the meshes. The layers of netting are one foot apart. 
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tioning period of sett and shoot roots and (w) periodicity in the development of 

slioO't. root/S. 


(7) Character or the juice. | 

The quality and quantity of juice obtained are characters of importance as ! 

they have a direct influence on the quality and quantity of the finished product I 

Impure jmces give rise to various difificulties in the subsequent processes of manu- i 

facture into sugar. Sugarcane hybrids with ^accAartim as one of the i 

parents frequently show considerable impurities in the juice apparently derived 

from the grass. It has therefore often been found necessary to cross these again ! 

with canes of good juice quaflty for obtaining satisfactory juice in the seedlings. I 

Though as many as about 50,000 analyses are now available for studying the \ 

inheritance of this character, the bulk of them had to be rejected as not quite com- I 

parable on account of (i) differences in methods of sampling, («) differences in time | 

of analyses and (in) seasonal variations from year to year. Though there are wide I 

variations in juice quahty between the individual seedlings of the same parent, I 

it is found that the average quality of all the seedlings varies according to the parent ^ 

(Table XX). When two different varieties are crossed with each other, the average j 

juice quality of the hybrids is inti'rmediate between those of the parents (Table * 



Table XX, 

Inheritance of juice quality. 


B. 208 

01). White Carp 
Local striped , 
Klieua 

Kaissoet ' ■ ' '■ ■ ■■ 


Variety 


PeKCENTAQE of SirOBOSE IN 
jruiOE 


average of 
seedlings 














SUOARCANE BREEDING— INDICATIONS OP INHERITANCE 


AOK UF SUCIJOSE IK aviCE 


HeL'dlirigs 

atiidie*! 


Average ol 
seedlings 


Nii* of ^‘arieties 
studied in fclie 
group 


Percentage of 
varietiee noted 
as susceptible 


Pausahi 


isunnabilo 


ISaretha 


A very large aumber of seedlingH have beea raised from the canes < 
group as they both flower and set seed profusely at Ooimhatore. S 
have been found to be particularly susceptible to the disease. Th« 
'• Ohunnee " pelongs to this group ; and the Java hybrids with this 
parents have shown a distinct susceptibility. 


f'^arent 

l;*are;ril 

' 115*8 

.'lo*8 

',16*1 

■ ' All ■' 



/ 
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P. 0. J. 213 shows about 8 per ceat. smut ia the fields at Coimbatore. This 
variety is iafertile ia pollea. Cross polliaated with differeat varieties the hybrids 
have showa smut ia coasoaaace with the susceptibility of the pollinating parent 
(Table XXIII). 


Table XXIII. 

Influence of polUnahng parent on susceptibility in seedlings. 


Peecentage oe smutted tdaets in 


P. O. J. 213 

Poliiuating parent 

.Hybrid 

seedlings 


.7 

1-7. 


8 

3*2 

8 

10 

30 


20 

5*0 


60 

12*0 


Hybrids with have been noticed to he generally not 

susceptible to smut. 

IV. Summary and conclusion. 

(1) Though considerable variations are noticed in seedlings obtained from tlie 
same parent, a certain amount of family likeness among them is observed on a closer 
and wider examination, 

(2) Gerbain of the chief difficulties in the study of inheritance in the sugarcane 
are mentioned. 

(5) Data are presented which indicate an inheritance of characters in the sugar- 
cane. The characters studied include (gj) general characters of the plant in the 
field, (h) certain morphological characters of the leaf and cane, (c) physiological and 
habit characters of the root, (d) characters of the juice, and (e) susceptibility to smut . 

(4) The indications of inheritance, though lacking in the definiteness now as- 
sociated with such studies, have yet been of value in the acbievemeut of certain 
practical results, production, through hybridization, of improved seedlings 

for cultivation in sub- tropical Jndj a. 


! 
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THE INDIGENOUS COTTON TYPES OF BURMA. 


BY 

T. D. STOCK, B.Sc., D.LC., A.R.C.S., 
I)ej>uty Director of Agriculture, Burma' 

(Received for pubUoation on 1st December, 1926.) 


Introduction. 

TbmT- principal cotton types of Burma was commenced in 1921 . 
c cultivated cottons of tlie province are comparatively well known and the 

ties of r ^ separates the Wagale crop of Upper Burma into three sub-varie- 

is represented brLth^PF^'^ var. nov. Nanking, 

IxZrC^lt t ^ tentative classificationlf 

Indian Cottons he refers to the cottons of the Shan States and Chin Hills as the 

possible source of two further distinct types making sk tUhs as the 

Watt does not distinguish clearly between the cultivated forms. 

He ascribes specimens of Wagyi and Wugale to (?. NmMng, Mayen and states 
&at G. arboreum, var. neglecta—the G. tieglectum of Todaro-is cultivated in Burma 
infemd effect that a red-flowered field cotton' 

“ w^been- w! t ' i T™ known to the Burmans as 

. \V a been is obviously a mispronunciation of “ wa bin ” which simnlv 

means cotton plant and it may be stated here that I have met rtTnrtS 

w'imi If” T Insomuch also that 

are dissmi lar types, it seems evident that Watt and Gammie 
eie misguided in ascribing specimens of both these cottons to the same sub-varietv 


2 Gamm:e’ r a' p Cotjnng. Mem. Dept. Agri. India, Sot. Ser.. Vol IT, No 2 

8 Witt S!’,. p Indian Gottorn (tentative), 1903. ' 

< Sir Geoige. The Wild & Cultivated Cotton Plants of the World, 

( m ) 



The iA’i>i(iKKrti?s ciirroN Tyi>Es ui- ru’iuiA 

Burkill > Feeiiia to havff w^ngmzi^d h\ lv| 

“ I Itavf Iiitfly rt-tTivt-H two iiom I 

a K'vciith cotfon - 1 kliaki i iiUuii ar<i\vn .»ii ‘I'i 
*»f in flic Joiirml ,,f flit- Stn: 

But dul^ulc the- limits nf tin- tv, o ntam ideas n: 
the AKsaiii lionier flninigh the ( Inn lijll, 
fruniCliina through the Northern an- 
Rparsi'Ir cultivated a seHi's of eofioii.'- ahnul 
known 

U was eonsidered that a «dm].relielisivi kiiow leiige ot j 
apart from their intrinsie interest, inovicie a suitalile la 
the v\ork of raitton im|Ui)\emeiit. 

A colieefion of seed iainj.le,-. w.o, tlieiefuie. ..hmin,.,! 
where cotton oecurred. Tliese were grown at .Midilaing { 

In the case of the Virrieties under general enltivation, t 
preseiiled no ditiieulty. From some i,f th,. i,ili Harts, 
great diversity and if heeame ohvion.s ili.it the luilk of 
origin. It. became neeessary, theieloie, to selet i tlu' 
inbrr'ed in orrler to obtain pure lines, 

-To ciiminHiti the hybrid tendencies it been me neer'ssa 
from self-fertilised ficetl for several yenr.s at, l,lu> Maldu 
where the cultural and climatic conditioim are .ypiciil of 
been observed by other writers that u.urpliologieal elui 
modification when transfer takes place irom cme ha bit a 
tions given in the fo!lt)wing pages were taken fnmi ])urc 
but it may be observed that, apart from an increase in 
plants, the descriptions conform nearly to tbo.se taken f 
their natural habitat. Toindicat' to wbat an c.Ktenfc this 
types XII and XV given the photographs of herbarium . 

Chin hills in the year 11)20. 

It is doubtful, of course, if any of tJie cultivate. i races 
regarded as truly indigenous. S., far as 1 u,m aware, no wil< 
from Burma aii<l it is extremely unlikely tbat tlie eulti' 
separate origin of their owit. Tliey cun, in fact, all 1«! mor 
to one or other of the well-known Indian species anti it m 
that they have arisen from the same common stock as the 
there are 'ndications that the cottons of Central Asia liave 
composition and influenced their development to perliaps 
been the case in the majority of Indian co . uns. 


K>s as behmgiug to Burma, for he says 
I’adaung iie.H Pjoiue of what may be 
aimgy.ts and p< rliaps lu-iim that spoken 
ii'lif of htiluir 

I eultixaiKui and ranging from 
and Fakokku hill tiaet.r on the west, and 
Soiifhem .‘^haii Stal.s on (he ca,st, occur 
nhi.-h little Jia.s liitherto been 


(ype.s would, 
'I eoiiunence 


1 BurkilL Roport ou Oottou in Bnrnm, liKM. 

Jq%r. Aun-dotticvlluml BoMty of Mia, Vol. XU, 1802, page 170. 
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Description of types. 

Type I. 

A late matxaing pyramidal shrub about 7' in heiirht Rr/m , r v i. 
brown, stellately tomeutose aud uilosp wit 1 , u. i • 

approximate, monopodial ascending afiit.pK M • ! branches 

axes shortemng successively towards tie apex. ™ 

^‘““\eS, “«>* 

leaf o-lands ^ T ? margins often sinuate in the larger leaves : 

wrdif w h ’ — tf variable 

SJnv ’ yate-cordate, acute, serrate with 6 teeth in the upper margin, 
tiirv 7 peduncles from the secondary and ter- 

gland-dotted, 3-4-locnlar. 

beeds 8 to 10, rostrate ; fuzz greenish grey. 

Lint white, copious, of medium length, hut somewhat coarse. 

Tyce II. 

This type is like type I, but with buff-coloured lint. 

r of Lower Burma where it is cultivated extensively in the 

distiicts of lhayetmyo and Prome. It has been assigned by Watt to G. NanMnq, 
Mayen and by Gaminie to 6'. Roxb. var nov.k«K«(?. ^ 

Ihe khaki linted form described under type II occurs in the cultivated crop to 
oil} a &maJI extent and is separated out at the ginneries as a recognized impurity. 

IS pio a y tins- type which was referred to by Burkill as possibly a seventh form 
rom Burma tliougb it is certainly not the cotton spoken of in the Jmrnal of the 

Agn-Horlimliiiral Bocidy 6J India ol 


Type III. 

A medium-maturing monopodial form of similar habit to type I. 

hlem. and youug leaves densely pilose. 

Leams large, imlmatipartite, subcordate, dark green, eglandular, Lobes 5, 
ovate oblong, acuminate, somewhat constricted at then- bases ; sinuses 
narrow, accessory lobes rare. 

Bute Ieohs medium-sizeeb ovate, subcordate, the upper ma-Tgin laciniate. 

£ owefs white, solitary on elongate nodding peduncles* 
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, Bolh fairly large, OTOid-obloiig, aciiiiiiiiatf, 34-locakr. 

Km/, s- 0 tB 11 : greyish white. 

1/nf white, of iiiedmiir length. Imi rather eniirse. 

Type I'll is a inonopeKiial forrn receivinl frcan Alaiik Mai in the Soiit 

at:es. ].t appears to be closely related to the er)1 tons described in Gammie’s group 
Ob mfemiediimi, Tod, B-nd is most probably klentieal with one of the forms received 
In l.ca eHroniiKiam. Gfailtlie types described, this is the only form in which 
leafg finds are .absent. 

^Type I?. 

A tall but early maturing, slmib with t1 e fe%v lorver monopodial branches .long, 
and ascending and the upper .sympodial branches short and spreading. 

Stem and Peiioks distinctly . gland-clotted, the stem ultimately turmug to 
reddish brown ; herbaceous parts clothed with mdiite caducous hairs.'' 

\ Leaves large, i:almatip.artite, cordate, dark green, eoarsedooking ; leaf-glands 
1 to 3. Lobes 5 to 7, lHnc.eolatc, uniiulatc, usually with accessory lobes 
■ in the 80.oiewhat .wide si.ny.ses. 

■Brudeolm large, ovate, acute, auriculate at the cordate base, prominently serrate'' 
in the upper nuirgin. 

Flmim yellow,, solitary on erect peduncles from, the short lateral a.x.es. 

. , liolls fa;ir.ly-. large, .ovoid, -acuminate, ■coBBpkuou.sI.y glan(Ldotted,-;3-44.ocular,, 

.■ SmdH B to 10'; fim. greyi'sh ■ green, 
ilia/ white, 'copious, -but short -and coarse. ' . 

■'yTYFE V. 

this type differs from type IV in its white flowers, larger bracteoles and heavier 
outturn of lint. 

Type VL 

This type resembles type IV in all eliaracters except the buff-coloured lint. 

Types IV to VI make up the Wayale crop and conslitutc the bulk of the export 
staple,"- 

Qainmie has placed these types as follows : — 

Type IV, G, negledum. Tod, var. nov. cem, sub-var. nov. bimnanica. 

Type V. G* negkcfmn, Tod var, nov, rosea. 

Type G, neglecium, Tod, var. nov. vera, sub-var. nov. Kohalia, 


^Ijeako, H. M.; and Bara Pra^jad. Observiitioiis on certain Extra -Indian Asiatic Cottons. Mem. 
Depi, Agri, India, Bot, 8er,, Vol. IV, Ko. 5. 


All tlitee types are grom in nrirf™ t,, rp predominating. Type VI 
Occam m ™y s^Il qa.nt.te and mm* be regarded as an impimity enoept rtle 
It finds local preference for the making of a durable clotb known as “ Pinni ’’ 

d- ‘7 m •uTm“’' ““"Si Upper Barma, bat it 'ia i. fte 

dBtncts of Me.kt.la, Mjangyaa, Saga.ng M,d the Lower Chindwin tliat they attain 
tneir maximum importance. ^ 


Type VII. 

A pkat of diatinctly cylindrical shape, 3' to 4' fa height, with few or no mono- 
pcdial branches. Ihe sympodral branches are of aniform length, short and spread 

mg, witii a tendency to droop. ^ 

Stems pilose when young, green turning to reddish brown. 

Leaves oi medium size, palmatipartite to pahnatifid, subcordate or obtuse at 
the base, often undulate m the margin, soft, hirsute, dark green • leaf- 
glands 1, rarely 3 Lohes usually 6, ovate, acuminate, somewhat con- 
strieted at their bases, with occasional accessory lobes 

Bracteoles | the length of the corolla, ovate-triangular, with iuflexed margins 
purple tinged, serrate m the upper margin by 6 or 7 teeth, base cordate! 

Floivers white, borne 3 or 4 to each secondary axes on short peduncles. 

Bolls medium -sized, sub-angular, attenuate to the apex, 3-4-locular. 

Seeds 8 to 10 ; fuzz darkish grey. 

Lint white, long, exceedingly soft and fine. 


Type VIII. 

This type differs from type VII in its greater tendency to develop monopodial 
branches, in its 6 to 9 seeds being covered with a greyish brown fuzz, and in its pale 
buff-coloured lint. p 


Type IX. 

A taller and more diffusely branched plant than type VII, with often one or 

more elongate monopodial branches, median branches fairly long and spreading, 

with a slight tendency to droop. 

Leaves of medium size, palmatipartite, subcordate, thin in texture, sub- 
glabrous, dark green : leaf-glands 1 to 3. Lobes usually 5, oblong, not 
constricted at the base and without accessory basal lobes. 

Bracteoles large, green, almost as long as the corolla, ovate-triangular, sub- 
cordate, the upper margin serrate by 5 teeth. 

Flowers yellow, 3 to 6 from the secondary axes, borne singly on elongate 
suberect peduncles. ' » 
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/irt//*' ovoid, ucutp, 3-locuIar. 

Sadiy 8 to 10 ; fuzz greenish grey. 

Lilli of niediuni length, soft and fine. 


Type X. 

A plant similar to type IX, but with longer internodes. The median branches 
arise at a sharper angle with the .stem and drooji at the ends. 

Leact'K large, i»almatifid, cordate, coriaceous, sub-corrugate : leaf-glands vari- 
able in number, the leaves on the main stem with 3 and those on the 
siH-ondary branches with 1 only. Lobes 5, broadly ovate, acute. 

Bmrictilcs small, about § as long as the matitte boll to which they are adnate, 
broadly ovate, flushed with piu'plc. 

Fhiiviv v-ellon-, 4 or 5 from the secondary axes, borne on very short pendent 

Biill.t medium-sized, short ovoid, acute, 3-4-locular. 

*S'eW.s' 8 to 10 ; fuzz greyish brown. 

/nn/ pale bull’ of good length, but very scanty. 

Type XL 

This type is characterised hy its rigid appearance. The median branches are 
longer than those of fy'p<^ iiiorc erect, and without the tendency to droop. 

Lmvcs very large, of lighter colour and softer texture than those of type X, 
palmatipartite, cordate: leaf-glands 1 to 3. Lobes usually 5 to ?’ 
large, undulate, the inediiin produced and witli accessory basal lobes. 

Brad coles large, broadly ovate, laciniate by 5 narrow lobes, tinged with purple. 

ffou'm' as in type X. 

Zlof/.'i ovoid, acute, 3-locular. 

9 to 10 ; fuzz greenish grey, 
i'i/d white of good length and quality. 

^ Types Vll to XI are a representative .series froin tlie Northeisi and Houthern 
Shan States.^ All the forms are of typical .symj) 0 (lial habit and early maturity, pro- 
ducing solt fine staple up to an incli in length and of excellent quality. The crop is 
giown icainly for local consumption, though consignments are often carried over 
considerable distances to collecting centres from which the kapas is despatched 
to tm Burma ginneries. 

The types all bear close resemblance to G. indiowm, Gammie and toG. Nanking, 
^Vluycu which Watt considers to be the great cotton of Central and Eastern Asia. 
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A small and very early-maturing slirub 3' to 4' in teight. Branches mostly 
sympodial with a tew short, spreading monopodia. Stem light brown tm’ning to 
grey. Median branches comparatively long, delicately slender and drooping with 
elongate internodes giving the plant a decidedly graceful appearance. The median 
branches are usually longer than the basal. 

Leaves medium to small, pahnatifid, subcordate, thin in textm-e, light green : 
leaf-glands 1, rarely 2 or 3 on the lower leaves. Lobes 3 to .5, triangular, 
acute or obtuse, with wide unfolded sinuses. 

Bractcohs ovate-triangular, cordate, serrate in the upper margin by 5 teeth, 
very small, acinate to the boll, purplish. 

Flo'Wers yellowy 5 to 7 from the elongate secondary axes, borne on short nod- 
ding peduncles. 

Bolls small, elongate, acute, 3-4-locular. 

Seeds 6 to 8 ; fuzz grey. 

Lint white, fairly long and line, but sparse. 


Type XIII. 

This type differs from type XII in its deep buff-colomed lint. 


Type XIV. 

A i>lant of similar habit to type XII, but more robust and with the median 
branches straightei and more rigid. 

Bfacteoles medium-sized, serrate by 3 or 4 teeth, otherwise as in type XII. 
Flowers dead rrhite, with bright crimson blotches at the bases of the petals. 
Bolls as in type XII. . 

/Seeds small, 6 to 8 ; fuzz dark grey. 

Lint white, long, soft, fine, but exceedingly sparse vvitli a ginning outturn of 
only 21-24 per cent. 


Type XV. 

A plant 5' to ()' in height, of typically sympodial habit, with a few erect monopodia 
and very short spreading median branches. 

Leaves dark green, palmatisect, subcoriaceous : leaf -glands 1 to 3. Lobes 
6 to 7, oblong-lanceolate, the lower-most pair divaricate from the sub- 
cordate base. 

Bmcteoles large, very broadly ovate, cordate, laciniate by 5 or 6 narrow lobes. 
Fk'wers yellow, 3 or 4 on the short median branches. 
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Bolls large, sii])-spherical, acute, 3-4-locuIar. 

Heeds (i to 8 ; fuzz greyish white. 

Lhtl white, soft, fine, of good length. 


Type XVI. 

A shorter and more delicate plant than type XV, with slender drooping branches. 

It dilhers from type XV also in having smaller and more triangular bracteoles and 
white flowers. 


Type XVII. 

Ihis type IS similar to type XV. The flowers are yellow and the lint a pale 
bult in colour, soft, of medium length and scanty. 


Type XVIII. 

A large jilant of ])yramidal shape, with numerous monopodial branches arisincf 
from t he basi' at an angle, of about 15 degrees. Median branelies short and spreading. 
Lmres as in tyjie X\h 

Bnicieoles of medium size, broadly ovate, cordate, laeiniate in the upper margin, 
jHirplish. 

I lowers }'cllow, 3 to 5 on the secondary branches and 1 or 2 on the tertiary, 
borne on erect peduncles. 

Bolls fairly large, ovoid-oblong, acute, 3-4-locular. 

Seeds 8 or 9 ; fuzz greyish white. 

Lint white, fairly long and fine, but sparse. 


Types XII to XVIII occur sparsely cultivated throughout the Chin hills and 
Pakokku hill tracts where the crop is confined to small Taungya plots on the steep 
hill-Bides. The crop is a very mixed one. A wide range of forms give a clear indica- 
tion of hybrid origin and on certain plots it was almost impossible to separate out 
predoniinmit types. From a critical study of a wide series of sam]>les it has, however, 
been possible to isolate two main groups. 

Ippes XII to XIV are a characteristic group with close affinities to G. indicum, 
amniie. The leaves are small and true to type ; the cotton exceedingly scanty 
but fine and of good quality. 

Types XV to XVIII in the shape of their leaves and large bracteoles have feature 
m common with G. arhoreum var. ossamjca, Watt and G. cernumn, Tod. They, 
however, difier from these in having scanty cotton of soft fine quality. 
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Type XIX. 

A small plant, ^ to 4' in ieiglit, with, few or no monopodial branches. Median 
branches short and snberect. 

medium-sized, light coloured, palmatipartite. Lobes usually 5 to 7, 
narrow, radiate. 

Bmcteoles medium-sized, broadly ovate, subcordate, serrate in the upper margin, 
white, 3 or 4 borne on short pendent peduncles from the secondary 
branches. 

I Bolls large, broadly ovoid, obtuse, 3-4-locular. 

10 to 20 ; fuzz greyish. 

Lint white, very copious, but short and very coarse. 

Type XX. 

This type is similar to type XIX, but the lint is buff-coloured. 

i Types XIX and XX were obtained from the Arakan hill tracts. They corre- 

I spond in all respects to the cottons described by Gammie under G, cernuum^ Tod. 

and have probably been introduced into Arakan from the hill tracts of Assam. It 
! is undoubtedly these cottons which are referred to in the Journal of the Agri- 

I Horticultural Society of Indian Vol. XII, 1862, and described as native cottons with 

I harsh strong but very short staple. 

I Seed and lint characterst 

[ Certain determinations for seed and lint characters are given in the Appendix. 

The main object in view in recording this data is to provide a set of %ures which 
will give the plant breeder an indication of the respective type values. The deter- 
I minations were made from one hundred fully matured bolls selected at random from 

I each line culture and are intended to do no more than convey an idea of mean 

values. 

I The mean weight of hapas per boll was obtained on the weight of one hundred 

; bolls. 

' The number of seeds per boll and number of seeds per loculi were determined on 

: account of ten bolls. 

^ The weight of lint per seed and seed weight were determined on weighments of one 

I hundred seeds before and after ginning. The weighments were carried out on suc- 

cessive days during the dry weather so that, as Hilson ^ has shown, the error due 
I to fluctuations in humidity may be ignored. 



3. Hilson, G. E. Methods of Examination of Certain Characters m Cotton. BulL Ko. 138, Agri. 
Mes, Jnsk, Pnsa, 1923. 
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f/FF/?/;? of linf was calciilatPfl on m<«asiir!>ni(‘nts taken along the radius from the 
combed lialos of five seeds selected one each from five dilh'rent locks, a method vised 
by Halls' and which, for all j.ractical i»iir|»oses. lias Ix'cn shown by ITilson " to o-'ive 
a significant result. 

aiinnng ju rrml^e expresses the number of units of lint in a hundred units of 
l-apaa. The determinations were made from the ka)Kt.ft remaining after the other data 
has been recorded audit should be noted there is sometimes a slight variation between 
this figure and that obbiinod from a caleulation based on mean weight of lint per 
S'‘ed and mean seed weight. 

In conehision, it may be stated that the above types are being niai ntained in pure 
cultures and the be,st of them are being ineorjvorated in breeding experiments to 
evolve a better type of cotton for the Wogoh' tract of Burma. 


> Balls, \V. L. The Devolupiiieu) and Propert ii\s of Raw Cutton, IW.'). 
- I k-, i-il. 
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THE MANAGER, GOVERNMENT OE INDIA CENTRAL PUBLICATION BRANCH, IMPERIAL 
SECRETARIAT BUILDING, 3, GOVERNMENT PLACE, WEST, CALCUTTA; 

THE OFEIOE OP THE AGRICULTURAL ADVISER TO THE GOVERNMENT OP 

INDIA, PUSA, BIHAR ; 


ALL AGENTS POE SALE OP GOVERNMENT PUBLICATIONS, 


A complete list of the publications of the imperial Department of Agriculture in India can be ob- 
tained on application from the above-mentioned. 

These publications are; — 

1. The Agricultural Journal of India, A Journal dealing with subjects connected with agricultural 

economics, field and garden crops, economic plants and fruits, soils, manures, methods of cultiva. 
tion, irrigation, climatic conditions, insect pests, fungus diseases, oo-operative credit, farm imple- 
ments, and other agricultural matters in India. Illustrations, including coloured plates, form a 
prominent feature of the Journal. It is edited by the Agricultural Adviser to the Government of 
India, and is issued once every two months or six times a year. Anntud Subscfiytim^ Rs. 6 or 9a. 
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A STUDY OF FU8ARIA COMMON TO COTTON PLANTS AND 
COTTON SOILS IN THE CENTRAL PROVINCES^ 


BY . 

JIWAN SINGH, M.Sc., 

I ■ . » ' 

^ Assistant to the Mycologist to Qovermnmt of the Central Provinces, 

{Received for publication on ISth December 1926 ) 

j Introduction. 

|. For many years past it has been known that some varieties of cotton in certain 

i fields become badly infected with wilt whereas the same varieties in other fields 

remain healthy. For example, Roseum has been found to be so susceptible to this 
' disease that its cultivation in these wilted ’’ fields is not economical. From wilted 
cotton plants Fusaria spp., have been isolated, especially one particular species 

( more often than others. Investigations were therefore undertaken, first, to com- 

pare the mil Fusaria of ‘'wilted’' and “non-wilted” cotton fields with the 
Fmma isolated from wilted cotton plants, and secondly, to study their paravsitism. 
For these mvestigations, isolations of Fusaria have been made from time to 
time during the years 1923 to 1925, (A) from samples of soils taken in Nagpur from 
(1) fields in which and other vsusceptible varieties of cotton have been for 

several years known to be badly wilted, (2) from fields in which the same varieties 
of cotton have remained healthy, (3) from a field, which we shall call field A, 

, in which “ wilt ” was of recent occurrence and (B) from wilted cotton plants 

received from various parts of the Central Provinces and Berar. . 

Method of isolating Fusaria from soil. 

Samples of tlie different soils were taken by means of a sterilized soil borer. By 
the use of this instrument a cylindrical lump of earth, one inch in diameter and 
eight inches deep, was obtained. Each sample of soil "was thoroughly shaken up 
I with a litre of sterilized distilled water in sterilized glass Vessels. The mixture was 

allowed to stand overnight. The following day the sujiernatant liquid was removed 
by a sterile pippette and mixed with sterilized resin agar, previously melted 

The author wishes to express Ms acknowledgarents to the ludiaii Central Cotton Committee for 
theiinancial help given by them for the investigation of this problem. 
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FtlSAErA FROM COTTON PLANTS AND SOILS 


Fusaria from cotton soils and from wilted cot 

cotton soils seven distinct strains of Fusaria 
himteil Of them, three strains were iBoIatecl from each of ti 

mentioned afiove and also from wilted cotton plants. One 
only froni a “ non-wilted » field, another strain only from 
the remiuning two strains were obtained only from the field A 
Bjiecnnens of diseased cotton plants ivere obtained from 
Central Irovmees and Berar and from Ujjain in Central Indif 
mens fonr difterent strains of Fusaria in addition to a speci< 
been isolated. ^ 

^ Ot these four strains of Fusaria kom wilted cotton plants 
different from the seven distinct strains so far isolated from 
three strains are identical with three of the strains from the Boil. 

iVJr. tf. h. Ivulkarni from Dliarwar very Idndly sent a cul 
on cotton, isolated by him from diseased cotton plants. 

_ Every FMsamm that was obtained from wilted cotton p] 

tivated on a variety of nutrient media. By the end of 1926 i 
were isolated from different cotton fields in jragpur Innuii 
also made from wilted cotton plants from different cotton tra. 
of these JJ-ttsam on various nutrient media it was finally e 
werereally only eight distinct strains. 

The nutrient media used were glucose agar, starch ghic 
agar, potato extract agar, rice-meal agar, liquid potato extri 
cooked wheat, cooked gram, and cooked rice. On cooked rice, 
uxuriant ; most of the Fmsaria developed beautiful bright co 
remained viable for several months. 


^ medium was i)rei:)a,red as follows 

mi, heated at about 80° C. 

portion was then made up to one 
for 20 dissolved in it. The 
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For tlie ptirpose of comparison of growth, mode of development, colour produc- 
tion, «pore formation, etc., on these media, each of the Fusaria was subcultured 
on the same day and on the same medium in three or four flasks or tubes or Petri 
dishes. The quantity and quality of the medium were the same in every case and 
the flasks or tubes or Petri dishes used were of the same size. For agar media 
tubes or Petri dishes were used and for liquid media and media such as cooked rice, 
etc., Erlenmeyer flasks of 250 c.c. capacity were used. 

A complete record of the changes in colour and of growth of each of these cul- 
tures was .kept for several months and observations were recorded every third ox 
fourth day. All colour determinations have been made with the help of the fol- 
lowing publication — 

Repertoire de Couleurs des Fleurs des Feuillages et des Ftuits ’’ published by 
La Soci6t6 Fran§aiBe des Chrysanthemistes et Rene Oberthiir, (1906), 

The cultures were studied both microscopically and macroscopically. Several 
spore measurements were taken from each culture and the average length and 
breadth of 1 — , 2 — , 3 — , or multiseptate spores were ascertained. The form, nature 
of septation, abundance of microconidia, nature of the sporodochium, hypha mea- 
surements, and shape, size and presence or absence of clilamydospores were also 
studied. 

Description of various strains. 

It is not necessary for the purpose of this paper to describe critically all the 
soil Fusaria so far studied. We shall here confine ourselves to the description only 
of the four strains of Fusaria that have been isolated from wilted cotton plants. 
As already noted, three of these have also been found in cotton soils and the fourth 
has so far not been obtained from the soil, but presumably it ’ must be 

present, 

Steain a. 

This strain was isolated from most of the wilted cotton plants obtained from 
Nagpur, Wardha, Akola, Murtizapur, Drug, Borgaon, Dliarwar and Ujjain. It 
was also isolated from wilted ” and non-wilted ” cotton fields. 

This fungus shows variations in colour when it is grown for several generations 
on cooked rice. In the first two or three generations it developed a violet colour, 
but in later generations the colour is at first violet, which soon changes to violet 
purple and finally becomes scarlet red. (Plate II, figs. 1 and 2), 

On cooked rice it has usually an aerial growth, which is sometimes cauliflower 
like. On rice-meal agar the colour is at first pale light lilac, which changes to Bi- 
shop’s violet and finally becomes bright violet purple. On this agar medium the 
growth is concentric and at first slimy, but later the central portion becomes 
powdery, though the concentric development persists. 
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mt; ‘iTlir ” °” •“ ^'' '»»! V fceTCt “"m 

».'a« »" Si-'* «g«r tan, a 10 day,’ old'c*,; 


septate, lf5--26|xX3-4*5fji, average 20x3*5^ ; 

2— septate, 20-30p,x3*5-5(x, average 25-5 x4fi ; 

3— septate, 25-50p, x4'6p, average 34 x4-5p ; 

4— 5— septate, 38-50p x6-6p, average 43 x6p. 

Hyphae are 2-6g broad. Clilamydospores are generally present in old ml+i 
They are round or elliptical, intercalar or tertuiyitl !. 7 ^ cultures. 

(Plate in, %. 4). In old c. tores, at ttae. tl ™of orT”” a 

becoaie thicPeacd. Tl,e« oell. W a-e 

starA^mrdto'lFrwiyTf Cy ^e *r ™»-">“l agar and oUie, 

«owd ™.ct jt rei'^r: *L 

s:zzSa:^:tetr "t 

hut ilZ generations after the fungus has been isolated from plants or soil 
but they may appear even m later subcultures. Once they are develoned tW 
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wnerea. the snbmerged myoebnm la at firet violet heliotrope vbich channea to 
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deep violet. THs violet pigment is also taken by the rice grains. growth 

is aerial, but not as mnch as in strain A, and is cauliflower like. On rice-meal 
agar it develops a light lilac colour which soon changes to pink. The 
aerial growth on this medium is more or less always powdery and generally confined 
to the surface, but it is never slimy or concentric. 

Microspores measure 8-15px2-6[jt ; average 10 x3-5p. Macrospore measure- 
ments on glucose agar from a 10 days’ old culture are as follow : — 

1 — septate, 14-26g x3-5g, average 21 x3*6p ; 

2— septate, 18-26(jiX3-6{x, average 21x4p. ; 

3— -septate, 23-50p x4-6[jL, average 36 x4'lp. ; 
oo — septate, 50-60gx4*6-6p, average 55 x5p ; 

Hyphae are 2-6[i. broad. Chlamydospores are entirely absent. Sclerotia are 
very seldom formed and are brown or pink in colour, when grown on cooked rice. 
The growth of this strain is very rapid ; almost three times as rapid as that of strain 
■ A. 


Strain C. 

This strain has been isolated only from wilted cotton plants from Nagpur and 
has not so far been isolated from any of the soil samples. On cooked rice it always 
develops a white cottony aerial growth. It is characterized by the fact that it 
does not develoj) any colour. On rice-meal agar the growth is submerged, slimy 
and colourless. In old cultures stray hyphae might at times become aerial. 

The production of microspores is very poor. At times they are only produced 
when the culture is several months old. They measure 8-15fx x 2-5p ; average 
10 x3p. The development of macrospores is poorer still and their measurements 
on glucose agar from a 10 days’ old culture are as follow : — 

1 — septate, 20-25gx3-5g, average 22x3*9g ; 

2 — -septate, 24-30g x4-5g, average 27 x4p, ; 

3— septate, 30-48p. x4-5*5g, average 39*5 x4*2p ; 
oo— septate, 44-53g x5-5*6g, average 50 x6g 

Hyphae are 2~5|jl broad. Chlamydospores are rare and are found only in some 
of the old cultures. They are round or elliptical, terminal or intercalar and measure 
10-12p X 12-14[x. (Plate ill, fig. 8). Sclerotia are wholly absent. 


Strain D. 

This Fusarium has only been isolated from dead cotton plants left standing 
in the fields for some time. Its spore masses form a blue encrustation on the 
subterranean parts of the dead cotton plant. It has also been isolated from the 
'' wilted” and non-wilted ” cotton fields. 
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Oil cooked rice and rice-meal agar this fungus develops a 
growth. The spore masses are light blue in colour, but the 
though the spores from the blue sporodoohia on the subterranea 
cotton plant are light blue in colour. 

Microspores measure 10-15px3-4g; average 12x3-0u * 
ilacrospores are smaller and broader tlian those of the other stra- 
liio tips of the macrospores are shghtly rounded. They are or 
usually three or four septate (Plate III, fig. 9). Maaospore 


measure 


Inoculation experiments. 

These experimente were conducted during the cotton 
1925-1926 and 1926-1927. 

At the time when the inoculation 
were under study about 25 Fusaria , 
plants, as already stated. Of those Fiisaria only .16, 
or less different from each other, 
the remainder were 
16 strains. T 
in 1925, that there 

The soil 
sure. 

and then filled with the sterilized soil. 

Two varieties of cotton were used for these inocu 
One was a variety of Verwn known as AK.„ which is as 1 
as Rosemn, and the other was AK.j, a variety of iMali 
sistent to “ wilt Inoculations with each of the 16 
series and for each of these strains in every series there v 
and one lot of AK^ plants. 


seasons of 1924-1926, 

oxporiments were undertaken in 1924 there 

cotton 
! more 

were used for the inoculation experiments, because 
definitely found to be identical with one or the other of these 
Iftom further critical study of these strains, it was finally established 
. — , j were really only 5 distinct strains or species, 
was steam sterilized for two hours at 140^0. under about 37 lb. pres- 
le pots were soaked overnight in formalin solution, sun dried for a few days 


Seeies I. 

The soil m the pots was heavily infected with one of the 16 Ftisar 
thoroughly mit the contents of a culture srowiim luxuriantly on a ..nt, 
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The soil infection was done in the middle of June, 18 days before the cotton 
seeds were sown in it. The pots with the infected soil were watered once daily after 
the addition of the inoculum. 

Series IL 

Soil in the pots was similarly infected in this series as in series I, but the inocu- 
lations ware done just before sowing the seeds. 


Series IIL 

In the third series the inoculations were done when the plants were 16 days old. 
The roots round each of the plants were exposed by digging the soil round them. 
Some of the roots were deliberately cut. The inoculum was placed on the exposed 
and wounded subterranean parts of the plants and they were then covered again 
with the soil. This third series was divided into two lots, in one of which the in- 
oculations were done only once, as described above and in the other the inoculations 
were repeated about once a fortnight till the end of January 1925, when the ex- 
periment ended. 

All these inoculations were done in the plant house, where the pots were kept. 
This precaution was essential because it was found that plants in pots, when brought 
to the laboratory from the plant house soon became limpid and their growing 
points and tender shoots drooped. These plants seldom recovered. There were 
about 500 plants, which were either inoculated or were grown in inoculated soil as 
mentioned above, in addition to a number of controls. None of these plants showed 
any signs of wilt There were a few deaths, both in the controls and in the in- 
oculation series, but these deaths were due to Bhizocfonia^ which that particular 
year was responsible for many deaths in the fields as well. 

When at the end of the season, i.e., six months after the soil in the pots had been 
inoculated, it was found that there were no deaths from “ wilt ”, samples of the 
inoculated soil from series I and II were cultured on artificial nutrient media in the 
same way as described previously. Along with other fungi the Fusaria which were 
used for inoculating a particular lot in the two series were re-isolated in every case. 
This shows that the Fusaria used for the inoculations remained viable in the soil, 
but were incapable of infecting the plants. 

Ikom a critical study of the 16 used for inoculations in 1924 it was ul- 

timately established that there were really only 5 distinct strains of Fusaria. These 
5 strains were used again for the inoculation experiments in 1925. In addition 
to these, the Fusarium^ which Mr. Kulkarni had kindly sent from Dharwar, was 
also used. As already mentioned above, of the 4 strains from wilted cotton plants 
one strain (strain A) has been isolated more often than others. Five cultures of the 
strain k isolated from wilted ” cotton plants obtained from five difierent places 
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tn.j Nagpur and Wardlia m the Central ProvinceSj Akola and Murtizapur.in Berar 
and I jjaiii in Central India and tiiree cultures of the same strain isolated from 
'' wilted '' and 'mon-wilted cotton soils were used for the inoculation experiments 
of 1925* Similarly, two cultures of the strain B isolated from wilted cotton plants, 
obtained from Nagpur and Hingingliat and tliree cultures of the same strain iso- 
lated from '' wilted ” and iion-’^dlted ’’ cotton soils were also used. 

The Biethods of inoculation were the same as in 1924 ; the varieties of cotton 
used for inoculations also being the same. In all. about 700 plants were, inoculated, 
.but none of them took the infection. , 

.In another mociiiation experiment, a different, .method was employed. Plants 
grown in pots tliree feet high were used lor this experiment. By forcing' .in a thick 
iron rod at differe.nt depths of the soil, several holes varying in depth from tliree feet , 
to one foot were ..made in each pot. In the process of making these 'hole.s . some of,'' 
the roots were necessarily injured.. These holes, were completely' filled, with 
water eontainirg liealtliy cultures of the fungus to be iiiociilated. i^or this experb 
ment the following strains were used 

(1) Btruiii A i.solated from wilted cotton plants obtained from Nagpur. 

(2) Tli.e Fiisamm received 'from Dharwar and wliicli as already .noted is con-.. 

sidered to be similar to strain A obtained from Nagpur and other 
, places. 

(3) vStrain B isolated from wilted cotton jdaiits obtained from Nagpur. 

(4) Strain Ct isolated from wilted cotton plants obtained from Nagpm. 

None of the plants in the inoculated pots snlTered from wilt ’k 

This year (1926) inoculation experiments were again repeated on the same lines 
as in previous yeans with the exception that only one variety of cotton, AK 2 J a 
strain of Ferwwi, easily susceptible to wilt.*’ was tried. In addition to the 6 strains 
used for inoculations in 1926, 3 more strains isolated from different cotton fields 
were used this year. About 500 plants were used for the inoculatimi experiments. 
As in previous years, there were three series of these experiments, viz,, (1) series 
I, in which the fungus used for the inoculation was thoroughly mixed with the soil, 
B days before cotton seeds were sown in it, (2) series II, in which the fungus was 
mixed with the soil at the time of sowing and (3) series III, in which the soil was 
infected when the plants w^ere a month old. Series I w^as inoculated on the 14th of 
July and the seeds were sown on the 22nd. Series II was sown <ind inocuiated on 
the 22nd J uly and series III was also sown on the 22nd and inoculated a month 
later. The results of these experiments are interesting and therefore a detailed 
account is considered necessary. 

The rains commenced about the beginning of July, but the sowing had to be 
delayed till the 22nd, because till the 18th, it rained almost every day. From the 
beginning of August for about six weeks there was more or less rain almost every 
day. During this period when the air humidity ranged between 68 to 88 per cent, 
the soil in pots remained constantly water logged, as the sun was hardly visible. 
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The cotton plants were badly affected by a RUzoctmiia on the leaves. This disease 
was common not only in onr three series of inoculation experiments, but plants 
grown in unsterilized non- wilted ’’ cotton soil were also equally badly affected. 
Though the attack of Rhizoctonia was so general, still the ultimate effect of the 
disease was not the same in every case. Some of the plants in the uiisterilized 
‘‘ non-wilted ’’ soil began to die from about the middle of August and in the sterilized 
soil a few plants were observed to die, but only in the series I and II inoculated 
with Fumrium strain A. In series I and II inoculated with other strains of Fusaria 
there were no deaths. After the break in the continuous wet period the incidence 
of were no more deaths in any of the pots. 

During this wet period, out of 200 plants in series I and II inoculated with 
Fusaritim strain A only 47 plants had died. 

The dead and dying plants in series I and II and in the imsterilized ' hioii- wilted ’’ 
soil were macroscopically and microscopically different from typically wilting plants. 
In the former case, the leaves turned brown, were crisp and brittle, and began to 
turn inwards from the tip towards the base and the leaf stalk remained erect. In 
typically wilting plants there is a drooping of the leaves due to loss of turgidity, 
they are soft to touch, there is a general loss of the green colour, they do not neces- 
sarily turn brown, their margins roll inwards from the sides and the leaves usually 
drop before they loose completely their green colour. (Plate I, figs. 1 and 2). The 
stem of the wilted plant begins to turn brown from top downwards and occasionally 
this browning may be checked and new shoots may arise from the lower nodes, 
whereas in the diseased plants of our experiments there was a general dying of 
the whole plant and there were no cases of recovery. In a wilted plant when the 
bark is removed, longitudinal brown streaks are visible on the wood ; these w^ere 
not visible in the dead and dying plants mentioned above. Transverse sections 
of the subterranean parts of wilted plants show typical browning of the vessels 
and cloggmg of the lumen of the vessels with some gummy substance. Again, they 
give typical pink colour reaction when stained with, an alcoholic solution of 
Alizarin sulfosaur natron. Hyphae are present in the vessels but very few. 
In the dead and dying plants of our experiments transverse sections showed, 
slight browning, which gave no colour reaction with Alizarin siilfosaur natron, 
and the vessels were filled with hypliae. In both cases Fusarium strain A was 
isolated from dead and dying plants. 

Series III sown on 22nd July was inoculated on the 22nd August, RMzoctofiia 
appeared on the leaves as in other series, but in this case there were no deaths. 

These experiments show once again that in non-wilted ” soil the Fnsarami 
which is generally found in wilted cotton plants is present. They further prove 
that the mere presence of this fungus in the soil as in the artificially inoculated soils 
does not produce wilt It is evident that this particular fungus is not a virulent 
parasite on cotton plants, since it was found in plants, both in the inociilated^nd in 
the umnoculated series, only when the plants were attacked by RhizoGtonia, 
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Thisyeai iii tlie unsterilized “ noii-wilted ” cotton soil, there were a few cas 
typical “ wilt ” during the prolonged wet period mentioned above. Out o- 
plants, 10 plante were typically wilted. These wilted plants were different 
macroscopically and microscopically from the dead and dying plants of our £ 
I and 11 described above. Though the same Fusaiium wm isolated from ■ 
typically wilted plants as the one from the dead plants of inoculated sterilizec 
and uninoculated unsteriiized “ non-wilted ” soil, still the effect of the fungi 
both cases was entirely different. ^ ® 


Summary. . 

1. Four distinct strains of Fusarium spp..have been isolated from wilted cotton 
plante received from several places in the Central Provinces and Berar. A brief 
description of each of these strains is given. 

^ 2. Strain A isolated from wilted cotton plants and from “ wilted ” and “ non- 
wilted cotton soils is considered identical with the Fusarium received from Mr 
Cr. S. Kulkarni of Dharwar. 

3. Strains I and II of the Fusarium described by Ajrekar and Bal are considered 
to be identical and they seem to be similar to our strain A. 

4. Seven distinct strains of Fusarium were isolated from soil samples of “ wilted ” 
and “ non-wilted ” cotton soils. Of these, three were found to be common to “wilted” 
and “ non-wilted ” soils, and were similar to strains A, B and D obtained from wilted 
cotton plante. One strain was isolated only from the “ non-wilted ” soil, another 
only from the “ wilted ” soil and the remaining two strains were isolated only from 
the field A. The eighth strain has been isolated only from some of the wilted cotton 
plante from Nagpur. 

6. The parasitism of all the strains of Fusaria so far isolated from various sources 
was tested by inoculation experiments during the cotton seasons of 1924-26, 1925- 
26 and 1926-27. Inoculations were done by either heavily infecting the soil with 
'vigorously growing cultures, one or two weeks before sowing seed, or at the time of 
sowing seed or when the plants were two to four weeks old. Some plants were in- 
oculated once every fortnight for six months. None of the inoculated plante sufier- 
ed from “ wilt 

6. From the inoculated soil the fungus used for the inoculation was re isolated 
six months after the soil had been infected, showing thereby, that the Fusarium 
remained' viable in the soil, but was incapable of infecting plante so'wn in the in- 
oculated soil. 

, In conclusion, the writer wishes to thank Mir. J. F. Dastur, Mycologist to the 
Government of the Cen'tral Provinces, for the help he has given in carrying out 
these investigations. 
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PUBUCATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA 


OX) BE HAD FEOM 

THE MANAG-BR, GOVERNMENT OE INDIA CENTRAL PUBLICATION BRANCH, IMPERIAL 
SECRETARIAT BUILDING, 3, GOVERNMENT PLACE, WEST, CALGUTTA; 

THE OFFICE OF THE AGRICULTURAL ADVISER TO THE GOVERNMENT OF 

ESfDIA, PUSA, BIHAR ; 

^ - AND 

ALL AGENTS FOR SALE OF GOVERNMENT PUBLICATIONS. 

A complete list of the publications of the Imperial Department of Agrfcuiiure in Inifia can he oh- 
taineci on application from the above-mentioneii. 

These publications are: — 

L The AgriouUwal Journal of Iridia. A Journal dealing with subjects connected with agricultural 
economics, field and garden crops, economic plants and fruits, soils, manures, methods of cultiva- 
tion, irrigation, olimatio conditions, insect peats, fungus diseases, co-operative credit, farm imple- 
ments, and other agricultural matters in India. Illustrations, including coloured plates, form a 
prominent feature of the Journal It is edited by the Agricultural Adviser to the Government 
India, and is issued once every two months or six times a year. Annml 8tJ}Scrip^icmp Bs. 6 or 95. 
6d*, including postage. Single copy Re. 1-8 or 25. 

2. The Journal of the Centred Bmeau for Animal Husbandry and Bawying in India. A quarterly 

dealing with cattle breeding, dairying, cultivation and storage of fodder crops, animal nutrition, 
and other aspects of animal husbandry. It is edited by the Agricultural Adviser to the Govern- 
ment of India. Annual subscription, Rs. 2-8. Single copy As. IQ. 

3. Scientific Reports of the Agricultural Research Institute, Pusa. 

4. Annual Review of Agricultural Operations in India. 

5. Proceedings of the Board of Agriculture in India, 

6. Proceedings of Sectional Meetings of the Board of Agrioultee. 

7. Memoirs of the Imperial Departmmt of Agriculture in India, 

(a) Botanical Series. 

(h) Chemical Series, 

(c) Entomological Series. 

(d) Bacteriological Series. 

(e) Veterinary Series. 

8. Bulletins issued by the Agricultural Research Institute, Pusa. 

9. Books. 

The f oHowiiig are the pidilicatioas of the last two years 

Scientific Reports of the Agricultural Research Institute, Pusa (inoludiug the Reports of the Imperial 
Dairy Expert, the Physiological Chemist, Government Sugarcane Expert, and Secretary, Sugar 
Bureau), for the year 1924-25. Price, Rs. 2-4 or 45 
Scientific Reports of the Agricultural Research Institute, Pusa {including the Reports of the Imperial 
Dairy Expert, Physiological Chemist, Government Sugarcane Expert, and Secretary, Sugar 
Bureau), for the year 1925-26, Price, Rs. 2-8 or 45. 6d«. 

Review of Agricultural Operations in India, 1924-25. Price, Rs. 2-2 or 45, 

Review of Agricultural Operations in India, 1925-26, Price, Rs, 2-6 or 45* 3<L 
Proceedings of the Board of Agri^^ulture in India, held at Pusa on 7th December, L925, and following 
days (with appendices). Price, Re. 1-14 or is. 3d* 


MEMOIES OF THl DEPAETIIEIT OF AtmiOTIiTlIEl IN INBIA 

Botoaiiml Series' 



'Vol. :X1V, 'No. 

I. 

Vol. XIV, No. 

IL. 

¥oi XIV, No. 

. III. 

Vol. :XIV, No. 

i?. 

VoL XIV, No. 

'?. 

Vol XI?, No. 

?L 

Voi. XIV, No. 

¥11. 

VoL XI?, No, 

VIIL 


Vol XV, I. 

/VoL'^'XV, K'o. 'JI. 


A Study o! Some. Indian Grasses' and Grasslands, by W, Burns, b sc ' L B 
Kobeabki, M.Ag» and S. B, Godbom, b.su., Price, As. i2*or'ls ‘3f^“ 

Studies in Gujarat Cottons, Part III. Tbe Wagad Cotton of Upper Gukrafc 
Kathiawad and' Kuteb, ^ BIaqaklal L. PATin, M.Ag., and D. P. Mankad' 
Price, Be. P4 or 2a. S3d. , * 

Sugarcane Breeding— Indications of Inheritance, by Bao Sahib T', S. Ym- ■ 
KATBAMAH, B.A. Price, ' As. ■ 8 or Itkl. , 

Studies in Gujarat Cottons, Part I? : Hybrids between Broach-deshi and Go- 
gbari varieties of Gomfpium herbacemn, by M. L. Patel, M.Aff,, and S. J 
Patel, B.Ag. Price, As. M or l.s. 6d. , : ‘ 

The Indigenous Cotton Types of Burma, by T, D. Stock, b.sc., 3>.i.c., A.B.a.g. 
i rice. As. 9 or I Of/. 

A Study of Fumria common to Cotton Plants and {?otton Soils in the Central 
Provinces, by Jiwah Sihgh, m.sc. Price, Ab, 5 or 6d. 

The Foiamia Bice of the North Konkan and its Improvement by Selection, 
by 'B'. K. Bhide and S. G, Bhalebao, B.Ag. ■ (In the pffm.) 

Fmnmkmi iyphaidtum : Studies on the Bajri Crop. L The Morphology of 
Pennisdu7n typhoidmm, by S. ¥. Goobols, m.sc., B.Ag, (In the prmA' 
Studi(:B In Khanciesh Cotton, Fart I, by S, H, Pbayag, m, Ag, (In the , 

' The Indian-- Types of laihip^tm sathms L. (Khesari, Lakli, Bang, ' Teorai by'' 
■GA'BR'rELLE L. C. HowARO, M'.A., and K. 8. Abdur Bahman Khan, (In the 
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Chemical Series 




I' 

tf 



?oi. VILT, No. 

V. 

Vol. Vin, No. 

VI. 

Vol. vni, No. 

vn. 

Vol. VIII, No. vm. 

Vol. VIII, No. 

IX. 

Vol vnr, No. 

X. 

Vol VIII, No. 

XI. 

Vol VIII, No. 

xn. 

Vol IX, No. 

I. 

Vol IX, No. 

ii. 

Vol. IX, No. 

III. 

Vol IX, No, 

IV 


Nitrogen Becuperation in the Soils of the Bombay Deccan, Part I, by B. L, 
SAHASRABunnHE, M.Ag., M.SC., and J. A. Dazi, B.Ag., B.SC. Price, As. 4 
or 5d. 

The Determination of available Phosphcjric Acid of Calcareous Soils, by Sueen* 
BRALAL Das, m.sc. Price, As. 12 or Is. 3d, 

Deterioration of Sugarcane during its Storage by Windrowing, by Phani 
Bhusan Sanyal, M.SC. Price, As. 6 or 8d. 

Drainage Waters at Cawnpore, by H. N. Batham, m.a., f.lc.s. Price, As. 10 
or l5. 

Nutrients required for Milk Production with Indian Foodstuffs, by F. J. Wakth, 
M.S0., Labh Singh, L.Ag., b.sc. (Ag.), and S. M, Husain, b.sc. Price, As. H 
or Is, 6d. 

Silage Experiments at Nagpur, by Haeolb E. Annett, b.sc., m.s.b.a.o., 
and A. E. Pabmanabha Aiyib, b.a. Price, As. 10 or Is, 

Nutrients required for Growth Production with Indian Foodstuffs, by F. J. 
Waeth, m.sc., and Izaz Ahmad, b.sc, (Ag.), Price, As. 3 or 4d. 

A Study of Absorption of hloistee by Soils, by J. Sen, m.a., Fh.B., and Bbah 
LAL M. Amin, b.a. Price, As. 6 or 9d. 

The Selection of Burma Beans {Phasedua lunolua) for Low Prussic Acid Con* 
tent, by J. Charlton, m.sc., f.lc. Price, As. 10 or Is. 

Bangalore Maintenance Experiments, First Series, by F. J. Waeth, m.sc 
Price, As. 11 or Is. 2d. 

Some Digestibility Trials on Indian Feeding Stuffs, II, by P, E. Lanbee, m.a,, 
B.sc,, A.I.C., and Panbit Lal Chanb Dhaemani, L.Ag., b.sc. (Ag.). Price. 
As. 10 or l 9. 

The Effect of Manuring a Crop on the Vegetative and Reproductive Capacity 
of the Seed, by B. Viswa Nath, f.lc., and M. Sueianaeat4Na. b.sc. 
Price, As. 14 or la 6i. 
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VoL VIII^ Nos. ', X 
&Xl 

Vol VIII, Ho. XII. 
?ol. IX, Nos. I— 

m. 


Vol IX, No. IV. 


Vol IX, No. V. 

Vol IX, No. VI. 
Vol. IX, Nos. VII- 
IX. 


Vol. X, Nos, I & IL 

Vol X, No. III. 

Vol X, No. IV. 
Vol X, No. V. 


Entomological Series 

Papers on Indian Tabanidse, by P, V. Isaac, b.a,, d.i.c., m.sc., ke.s. ; and 
Some Indian Species of the J)ipterous Gemis Atherigona,, Bondani, by J. 
B. Malloch. Price, Re. 1-8 or 2s. 

The Nim Mealy Scale {Pulvinmia maxima. Green), by T. V. Ramakuishna 
Aytar, b.a,, F.E.S. Price, Re. 1-4 or 2s. 

A Contribntion towards a Monograph of the Indian Coniopterygid«e (Nenrop- 
tera), by C. L. Wethycombe, ph.i)., m.sc., d.i.o. ; Papers on Indian Tabanidse 
and Some Observations on the Life-history and Habits of PAycwfi hmnnmSf 
Wied. (Pamily Therevidae), by P. V. Isaac, b.a., m.sc., I).i.o., f.ii.s. Price, 
Rs. 2-2 or 45, 

The Red Pumpkin Beetle, Pb. (Coleoptera : Chry* 

somelidm) and its Control; with a short Note on A> airipennis, Pb., by 
M. Afzal Husain, m.sc., m.a„ and S. Abdullah Shah, L.Ag. Price, Re. 1 or 
l5. 9d. 

Experiments on the Transmission of Rinderpest by means of Insects, by S. K. 
Sen, B.sc., P.E.s. Price, Rs. 2-4 or 4s. 2d» 

Studies on Indian Thysanoptera, by Dr. H. H. Karny. Price, Re. 1-8 or 2s. M. 

New Species of Indian Gall Midges {Itmididm), by Hb. E. P. Pelt ; New Indian 
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THE KOLAMBA RICE OE THE NORTH KONKAN AND ITS 
IMPROVEMENT BY SELECTION. 

BY 

K K. BHIDE, 

Crop Botanist to Government oj Bombay , 

AND ■ 

S. G. BHALBRAO, B,Ag., 

Superinkn^^ Breeding Station, Karjat. 

(Keeeivocl i’or publication on llth December, 1926,) 

I. Introduction* 

The Kolamba Y£L>nety oi ike is the most important of all those grown in the 
North Konkan in the Bombay Presidency and the neighbouring country not very 
high above sea level. The chief centre of its cultivation is the Thana and 
Districts. The adjoining parts of Surat, Eatnagiri, Ahmednagar, Satara and Poona 
take an almost negligible share in the cultivation of the variety . The actual acreage 
under this rice is not easy to determine. An approximate idea can, however, be 
formed. The total rice area in the Thana and Kolaba Districts is nearly 600,000 
acres, and in the neighbouring districts it is about 200,000 acres. ^ In this area 
about fifteen different types of rice are grown, many of which are, however, inferior, 
and are only cultivated where the better kinds will not grow. Of the superior 
types, the authors estimate that at least 200,000 acres are covered by the Kolamba 
rice, and its cultivation is rapidly spreading wherever it can be grown. 

ZoZam&a rice is said to owe its name to a kind of prawn called Jfokm&i or 
Kolamhya, which is generally eaten with this type of rice by the fish-eating popula-’ 
tion. The rice may be said to be sov^ewhat lacking in flavour which is given to it 
by the prawn in question. This theory suggests that the variety originated near 
the sea coast, and this is in accordance with other indications. It appears that 
until less than a generation ago, except near the coast, the varieties chiefly grown in 
what is now the Kolamha area were those known as Patni and Tawsal which have 
much coarser and less translucent grains. The variety, however, became 

popular in and near Bombay, where it commands a much higher iDrice than the other 

* jseaauaauii Crop Bejjort ol fetxe iJomba, t’lpjidenoy, 1923-24. 
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coarser and inferior sorts. It lias now spread right up to the foot of the Western 
Ghats, but has not gone .much beyond them. The area now oeciipied contains about 
eight sub- varieties of KdmrSa rice. The differences between them will be described 
later. 

As has already been stated, the cultivation of tJie variety under discussion is 
steadily increasing, and there is a great traffie in it to Bomba.y. There are numerous 
mills wdiich devote tlieinselves to hulling and polishing it, particularly in the Thaxia 
District. Tiie iimshed product is often termed Kahpm rice, as much of it is sent 
out from this centre. It is largely (*onsiuucd by tlio middle and upper class popula- 
tion in Bombay and its suburbs, and in (bijarat, Baroda and Katliiawad, To 
the cultivators, it is abnost entirely a nioiiey-making croji, with a high cash value. 
As for their consumption, they prefer coarse types of ric'e which can be purchased 
fifteen or twenty per cent cheaper but wliich are better in nutritive value. In 
place of Kohmlm, they often use Rangoon rice which is generally cheaper even 
than the local coarse rices. The landlordB often make it compulsory on their tenants 
to grow Knlamb't rice, especially where there is the system of share rents, as this 
. brings a. Ivigh prico in Bombay, 

litihmba rice is very fine, with white translucent grains. These are also hard 
and flinty. Though this rice has no smell or flavour, its slender and fine grains 
retain their general form wdien cooked, and do not turn into a sticky mass as the 
grains of the softer and coarser rices do. It also takes a fine polish in the mills, 
and presents a crisp and inviting appearance wlten served as a dish. The importance 
of fineness and crispness is so groat tliat the richer clasvscs often prefer it even to 
some of the scented rices like Amhe Mdior and Kamod. The former of these is 
not so trans ucent and the latter not quite so fine as KoJamba. 

Kolamba rice is, moreover, the ciiief type exported from the Thana Disriett 
and is in demand from other parts of India, (Burma, Madras, Sind, Gujarat, Kathia- 
wad) and from other countries (Arabia, Persia, East Africa, Natal, Zanzibar, etc.). 
In the latter case, it is taken apparently for the use of the Indian population. The 
actual exporting centres are Bombay, Bhiwandi and Paiwel, and direct cargoes go 
even from the latter places as far as Kathiaw^ad. 

The average yield of the rice crop per acre in the North Konkan may be taken 
at about 2,000 lb., and the crop is very regular and CfTtain, What Avith high rents 
and high costs for labour, the margin of profit to tlio actual cultivators, however, 
is not very great, and as a result, it is important that the yield per acre should be 
increased. This can, , of course, be attained by more intensive cultivation and 
manuring and also by the selection of types* of seed which give a higher yield per 
acre, *The fortoer mOthod of increasing the produce per acre does not affect us here, 
but the latter method has been successfully followed in the work to be described in 
the present paper. The basis of the selection undertaken has been bullc samples 
teceived^frptn the oultiyatots of the Kolamba’ area, which have proved themselves 
I . : mixtures of widely, differing hypes of very different ebohoinic yaliie. - 




. She wmg the method of recording plant to plant measurements and observations, and of Showingalltaiersreacbingnearlytbesame height, and the erect nature of the i3lar,ts. 

baggi ng to prevent natural crossing. 



The work to be described was eoinmeiiced in 1918 by the lat i Mr. H. M. Chibber, 
but he, unfortunately, did not live to see the results of his labour. After his death, 
the work was continued by the present authors. When commenced, it was carried 
out at two centres, namely Alibag in the Kolaba District, and Jambul in the Thana 
District. In 1919 the whole was transferred to a rice research station established 
at Karjat in the Kolaba District and the present authors have carried it on at this 
centre since 1921. This centre is veiy representative of. the Kolamba rice tract. 
The basis of the selections were bulk samples collected in large number in Thana, 
Surat and Kolaba in 1918, 1919 and 1920. The methods used in growing the samples 
were those of the district with only such deviations as were needed fox experimental 
accuracy, or for facility in uniform transplanting and even spacing. Thus, single 
plants alone were used for transplanting, and they were put in straight lines with 
enough space on each side for easy movement for observation. The plants intended 
for seed purposes have alv/ays been bagged (El. I, 1) since 1920 to maintain their 
purity by preventing natural cross fertilization. 

From the bulk samples grown in 1918, 210 plants were selected on the basis of 
morphological characters supposed to have a more or less direct bearing on high 
jield and earliness. Bough yield comparisons have been carried on since 1919. 
They were at first based on the produce of an equal number of plants in the diffe- 
rent cultures. The number of plants forming the basis of comparison was 200 in 
1919 and 1,200 in 1920, in which year each culture was repeated six to nine tinaes 
over the experimental area. On working out the yield comparisons of the 1920 
crop, ten samples gave promise of being useful. Of these, eight were promising in 
yield and fineness of grain and two were very early in ripening though coarse in 
grain size. The purity was not, however, certain and an elaborate programme 
was adopted in 1921 and 1922 to determine and maintain the purity of the types, 
and to study them closely under uniform conditions in the various cnltuxes. These 
plans involved detailed notes onthe various cultures, regarding special features, 
and plant to plant measurements, weights and counts in the field and iii the labora' 
tory of all the important characters of the different types. This has enabled a very 
high standard of purity to be reached among the types, while numerous replications 
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* 7. KacJimiya. This is similar to Korlcadya except that its grain is slightly 

thinner and the two ends of the kernel are slightly more pointed, 

8 and 9. Kasadya and Javanja, These two types are particularly early. They 
ripen about one month in advance of other types. In grain size they are pro- 
nouncedly coarse and have comparatively thick kernels. They are grown on high 
lying lands. They are a source of ready money to the cultivator in the early part 
of the season, as they have a ready market. The dealers purchase them as they are 
cheap for mixing with the costly superior varieties. 

Defects of the Kolamba rice As has already been noted, this valuable com- 

mercial variety of rice is a recent introduction, and hence its defects as compared 
with other ty^pes are well recognized and often discussed. The cultivators complain 
tliat fine grains are generally associated with low yield, and tluit in certain seasons 
particularly there are many unfilled grains on the heads. Further, where tlie fields 
arc very riclj, the crop is said to run to leaf and to produce many’* uneven and un- 
productive tillers, so that the ripenijig is uneven. Again, it is said often to have 
weak straw, and hence to bo a])t to lodge so that tlie grain is damaged. In addi- 
tion to these defects, it is liable to shed the grain badly if slightly over-ripe and 
to be very sensitive to a shortness of water during the growing season. It is also 
liable sometimes to tln> attacks of the stem borer which causes many earlieads to 
remain unfilled. 

. The miller who husks and polishes the grain complains of Kolamba rice that 
it, is not uniform in size of grain and hence does not polish well, and further that 
it is apt to much breaking of grain during the milling operations. This means, 
of course, that the Kolamba rice is not even, as brought to the mills, so that the 
coarser grains are broken and finer ones escape the polishing process. 

' , It is obvious from these complaints that any selection must take account of the 
defects indicated, and that the aim must be to obtain an even type suitable, as 
regards fineness, time of ripening and high yield. It should be strong in straw, little 
affected by excess of manure or by shortage of water, and should not shed the grains 
seriously if slightly over ripe. It should also resist the attack of the stem borer. 

The need of such an even type with these characters is recognised in the Jiolamba 
growing areas. The better cultivators take a good deal of pains to reserve 
what they consider as the best of their seed for cultivation, though this best may 
often be so only in appearance. Their methods of selection are two. One consists 
in collecting such grain as drops down near the stack while the sheaves heaped there 
are behig removed to the threshing yard, and using this for seed purposes. The 
idea in this case is that the seed that drops in this way is likely to be heavy and ^Yell 
developed and hence better suited for sowing purposes and for securing a good 
yield.- The other method consists in selecting large and heavjj" earheads from the 
sheaves in the threshing yard for seed purposes. Both these methods are obviously 
used with the idea of getting high yield either by the use of heavy grain for seed, 
pr ,by obtaining heavy earheads irrespective of the other important characters of 
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tlic plarst. Owing to the fretjiient occmrreiiee oi croi^s-fertilisation in tliis region and 
to the- fact that ihe types in cultivation are. hence, more or less impure, the efiect 
of these methods in producing pure breeding plants with large outturn and other 
desirable cdiaraeters is very limited. Selection of the plant in the field, based on 
its various valuable inherent characters including tillering, is not, in the authors* 
experience, carried on in the IMmnba area. The limited selection adopted has, 
apparently, resulted in obtaining a predoniinance of types either with extreme 
ihvmvss of grain or peculiar colour of husk which are found in certain parts of the 
area. Thus it has resulted in some eases in an improvement of quality rather than 
in yield. 

The ideal type of Kolamha rice. Considering the conditions of growth and the 
demand of the market, it is possible to indicate in some detail the type of plant which 
selection should aim to obtain. 

From tlie morphological point of view, the ideal Kolamba rice should have a 
medium height and a thick erect culm. Tall and thin stemnied plants, and plants 
vith a bending and spreading habit are easily swayed by the wind and are hence 
more likedy to lodge. Leafiness should only be irioderate, as excessive develop- 
ment of leaf would be very objectionable in highly manured fields near village sites 
or forest iireas. A. strong tillering habit is an advantage, provided the tillering is 
rapid and the earlieads on tlie tillers reach about the same height as the main panicle 
and ripen al)out the same time as the latter. Otherwise, there is unevenness in 
ripening, and loss of quality and yield. This is a matter of special importance in 
a somewhat free tillering variety like Kolamba, Uneven ripening means shedding 
of the grain in the earlier formed earheads, or a large amount of breakage in 
milling of the unripe grains. 

The leaves of the plant should be glabrous, as there seems to be some correla^ 
tion between hairiness of leaf and coarseness of grain. The peduncle should be 
rather short, as long peduncles are likely to break and to prevent the proper develop- 
ment of grain. Tlie panicle should be long, large, compact and heavy, and have 
few or no sterile grains, while the grainB themselves should be fine. Awnless types 
are to be preferred to awned ones. 

The ideal t3qie of Kolamha rice for the Thana and Kolaba Districts should mature 
within about 140 days. In the strains so far found very early maturity means poor 
production and very lateness is risky owing to shortage of water. 

The type selected should be easily hulled, and should have a white kernel, so 
as to cause less labour in polishing and less waste in the finished product. 
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back. The is free from anthocyaniii pigment, i.c.; tliere K 

reddish or piirplisli colour ill the sheath or any other part ol the plant. It is free 
from awns also. The husk when ripe is pale yellow to lusty reddish brown. The 
kernels or grains are generally translucent and flinty, and more or less white in 
colour. They are devoid of smell. 

There is a great deal of variation in almost all the characters of the Kolamba 
variety. It can be divided into a number of more or less distinct botanical types. 
As mentioned before, several types are already known to the cultivators and the 
people at large and a considerable number of sub-types of an elementary nature 
have been separated and maintained at the Rice Breeding Station at Karjat. 

Thus it will be seen that the name Kohniba is rather loosely applied to a large 
number of strains which are distinct from each other. The main points, however, 
in which they resemble each other are (1) the slenderness of the spikelets and 
grains, (2) the linear to elliptic-lanceolate shape of the spilcelets and grains (3), the 
reddish or brownish yellow colour of the husk, (4) the translucence of the grain, 
(5) the flintiness of the grain, (6) the whitish colour of the grain, (7) freedom from 
anthocyanin pigment throughout the plant, (8) absence of awns and (9) lack of 
smell. 

Glassification oj the mrious characters. In order to make a detailed study of 
tlie various characters of the Kolc mha variety as a whole, it would be convenient to 
divide them into two classes, -?;i 2 :.,vegetative and reproductive. These will, therefore, 
be dealt with separately. 

It may be stated here that the characters described below have been observed 
in pedigree cultures of the original selections both in the laboratorj^ and in the 
field for more than three successive generations, and. though thej^ are subject to 
slight fluctuation owing to conditions of nutrition, growth, etc., they may be safely 
taken as the expression of liereditaiy qua lities of the various cultures . 


Vegetative characters. 

Germination and rate oj growth. In folds of wet blotting paper the seeds of the 
different strains take from 30 to 45 hours for the husk to rupture and for the radicle 
to emerge. In field conditions the plumule shoots out in the form of a needle within 
about 72 to 96 hours from sowing if the seed beds are properly wetted by rain. 
The first leaf unfurls within 150 to 170 hours. Two of the authors’ strains Nos. 
79 and 110, which have coarse grains and mature very early, that is to say 30 to 36 
days in advance of the majority, generally showed a quicker unfurling of the leaves 
and had a stronger growth in the first week. But there cannot he said to be a very 
appreciable difference in the time taken by the different strains to germinate and 
for their early growth. Some of the very late strains also, such as Nos. 103 and 
104 which mature about 10 days later than the late strains, do not seem to be slow 
in their germination and early grow'th. On the other hand, No. 184, another very 
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early Ktruin, Init witli finer grain, is not so vigorous in its growth as other early types 
Ijke Xcs. 79 iuul 110. There is therefore no reason to suppose that the early maturing 
strains have necessarily a much quicker and the late ones a slower rate of growth 
m their seedling stage or for the first three weeks or so. Their behaviour on resum- 
mg their growth after transplanting, le., from August 1st, is however remarkable 
inasmuch as the very early ones show' a markedly greater rapidity in attaining the 
limit especially of their height, and jierhaps, tliough less markedly, in produciiw 
tdlers and respective leaves. This will be seen clearly from the three Tables driven 
below ; — & - 



ihe rate of growth in height oj the different strains 0 / Kolamha as indkaUd hy the average heights of 
plants upto the joint of the first leaf from top, measured at successive one week periods m cm. 
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Showing the rate of growth indicated by the average number of leaves per plant including all the tillers produced by 

the differmt strains of Kolamba at successive one weeh 'periods. . . 
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Tiileri power. Thk character is ' of eoB,sicf.erable economic importance .. as it,, is 
cloBcly eonmctod with 'the yield finally obtained. .The Tice, plant .begins, to ^tiU 
within aJiont fifteen days from sowing, . provided the seeds are not sown, very deep 
and thickly. Tillering is shown ,.more markedly by certain s.t,rains than others even ' 
nmler nniforni conditions of space and plant, food. Tilleiing often varies with the '' 
total length of time required for maturity in the K(i1amha variety, the early strains 
being poor and tiie la.te ones richer in tillering. (Table 1\'). In another variety, : 
called Pafni, also grown in tlie Ko,nkaii, how^ever, wMcli is as late as the late Eolamba 
types, the tillering is much poorer. But the grains in that variet.y .are far coarsei 
as compared with Kolamba and the earheads are also large and heavy, so that this 
variety seeins to utilize the food materials absorbed in producing larger earheads , 
and grains and not in producing numerous tillers. Late' niatuiity and high tiller- 
ing are, therefore, not necessarily correlated in edl varieiie.^. In comparative trial 
plots the jucan tilJoring of the very early Kolmnba strains, taking 1 15 cloys to ma- 
ture, was iive per plant transplarited at eighteen inches liV nine inches apart, 
whereas in the wry late strains taking 160 to 105 days it was as high as 11: when 
tlicplanls were similarly spaced. But leaving aside iliese ex.trem<i periods of 
maturity the mean tillering of rLlarge mimbe maturing within 1.35 to 

150 days \aried IVom 7*7 to 11-2 |»er plant in 1022, sjjaced in the way 
described. 


ihllering also emilimies tn a variabh* period in ihe life 4»1 a plantr. 33ie result is 
that in certain strains there is a variable nnmlKa* of nn product ivt^- tillers which on 
account- of tlnnr xany late developjnent fail to prodiiee panicles or well developed 
grains, and at the most only add to the slriiw. This number of sterile tillers varies 
fro?n 0*P> to 2-7 per plant on an average in the different straitis under conditions 
mentioned ai>ove. 3.'he percentage of sterile to fertile tillers varies from 7 to 22 
ill the different strains. This feature of contiiiiiecl and late tillering is objectionable 
but can be cheeked by planting elosei*, together, whereby the prodiiction of such late 
tillers would he checked and the energy of the plant utilized for the production of 


more gram. 


^ JaeoliMUi, n, U, cliaraoieis o (luVrice fildril- 1 j^hiVt liplur VtU. 

i X, 1 1 r». 

ThoHUKt^'iie E. SonKi omervaiiom chi. Btuma X, 
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Table IV. 


Showing total tillering m the inffereM straim varying more or less according to days 

to maturity. 


Strain No. 

1921 

1922 

1923 

1924 

Very early . 


. 79 

S4 

O-02 

4-61 

6*79 

Intermediate 


. lo3 


11*20 

8*70 

9*39 



. 1,64 


10*52 

7*79 

7*87 

Late . 


. 

14-90 

9*70 

8-78 

9*51 ■' 



. So 

IS-iO 

7-70 

7-68 

8*73 

* • 


. 42 

11'62 

9*90 

9*80 

' 10*52 

• * 

. 

, 121 


9-06 

• • 

7*52 

Very late . 

• 

. 1.04 

** 

1440 

10*57 

iD30 


A closely related feature is the height which the successive tillers attain in a 
plant. In certain strains all the tillers may reach nearly the same height, hy the i 

time the panicles are mature, (PI. 1, 2), whereas in others the mother culm grows ;* 

taller than the other tillers which individually reach a variable height. The latter 
feature is undesirable as it entails greater unevenness in the size of earlieads and 
in maturity and the consequent loss of grain. These defects seem to be associated 
with very profuse tillering. 

Another noticeable feature is the angle made by the different tillers with the 
mother culm and with each other. In certain strains the tillers are all nearly erect 
and the bunch is a close compact mass forming a narrow inverted cone, whereas in 
others they spread a good deal and the shape of the bunch is like an inverted cone 
with a wide angle. The la tter strains in the authors’ experience are more likely to 
lodge. 

Colour tint of the foliage. This is a fairly constant feature of the various strains 
of Kolamba nee.. It can be clearly seen as a mass effect in the field wdthin about 
ten or fifteen days after sowing. It varies from light to yellowish green to medium 
or dark grayish green in the different strains. Although there are fluctuations due 
to space, food supply, etc. and though the better nourished plants are darker in 
colour, still the relative values of the different strains remain nearly the same under 
uniform conditions. Strain No. 223, exceptionally, however, has rather a pale 
yellowflsh colour just a few days after germination, but later on the colour becomes 

B 
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HJOD! (lark by exposure, so that the tips of the leaves are darker than their bases in 
tile early stage of tlie seedlings. There seems to be some evidence, which, however, 
reijuires furtlier confirniation, that the lighter coloured strains require a slightly 
lower temperature for flowering than the darker coloured. Thus while the former 
liad many of their flowers open at 80° F., the latter conunenced to open at 84° F. 
only. (Similarly as the day advanced and the temperature rose at 11-30 a.m. to 
86° F., the latter showed full flowering but the former only to a very RTnall extent. 

Vhint height. The height of the mature plant in the different strains varies 
considerably even under closely similar conditions, the range being from 110 to 
170 cm. when measured from the surface of the soil to the tip of the panicle straigh- 
tened out. The measurement should, of course, be made on the matinre plant only, 
as tlie earh' strains put forth their culm earlier. 

Thiekneas of the culm. This has been measured at the middle of the first inter- 
iiodc above the ground. It is again a rather variable cliaracter being greatly 
influenced by food supply, the range being from 6-.j to 7-7 mm. in diameter. There 
does not seem to be any correlation between the thickness of the culm by itself and 
the standing power of the plant at maturity. 

umber of mteniodcx or Imves. This is a character of relative stability though 
it varies aci.’ording to the time of maturity of tlie strain. In the very early strains 
the number of internodes or leaves is abtmt ten to eleven including the extremely 
compressed ones just below or at the ground level, lint in the very late strains it 
is eighteen or nineteen. The following table shows the number of internodes or 
loaves on the main culm in different strains : — 

Table V. 

Showing the number of interuodes or leaves on the imin culm. 

Number of 

Strains , interuodes 

or leaves 


iSarly strains — 


No.70 

. » » 


10—11 

No. 184 ... 

« tt • » 


10—11 

Intermediate strains— 

No. 153 . . . 

• * * » 

, . 

. ■ 14—15 

: No* 164 ' . . ,* ■ 

• ■ . * « 


. . :I4— 15 

Late strains— 

No. 32 . . . . 

• » . » 

* . . 

16—17 

, No. Zo. , , . 



. ■ 16—17 

No. 39 . . . 

• • • 


16—17 

No. 42 .... 

• * « « 


. ,16—17 

No. 121 . . . 

• * « 

4 . • 

16—17 

No. 104 . . 

■ . . . ■ . 

• * • 

18—19 
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The length oj the flag {or the Uppermost Leaf). Tie range of variation in this 
respect is from 23 cm. to 44 cm. when measured from the ligule to the tip of the leaf. 
In certain strains the flags are generally large, while in others they are comparative- 
ly small. The flag is often a good index of the size of the leaves of the plant in 

general. . 

The breadth oJ the flag. The range in this respect is from 1 cm. to 1-5 cm. when 
measured at the widest part, some strains being proportionately broader-leaved 

than others. .... 

The flag is generally shorter than the two or three leayes next below, but it is 
generally the broadest leaf of all. With reference to the tip of the main panicle 
the tip of its flag may go higher in some strains, reach about the same level in others, 
or remain shorter in the rest (PI. II, 1). Its size and the position of its tip are 
slightly aflected by the nature of the soil and the nutrition of the plant. In riclr 
soils the flags and the leaves are longer and broader, whereas in poor soils tflp 
are shorter and narrower. The length of the peduncle, to which reference will be 
shortly made, is also partly responsible for the fluctuation regarding the position 
of the flag-tip, as it is also aft'ected by soil conditions. But even apart from this, 
the position of the flag with reference to the tip of the panicle is a fairly constant 
strain character. As maturity advances, the flag generally droops more or less, but 
in certain strains it has been found to maintain an almost erect position to the 
last. This erect position of the flag is found very often to be associated with 
standing power or strength of straw. It is a very distinguishing feature of certain 
strains, as in Numbers 8, 164 and 104. In certain other strains the flags assume a 
more or less horizontal position or are inclined downwards. Such strains have a 
tendency to lodge as in Nos. 153, 32 and 39. In certain steams the tips of the . 
flags are a little lighter green in colour than the lower part an go v somew la 
hardened and spiney at the extremity. In many oases, the ag las a peculiar . 
constriction about an inch or so below the tip? whereas, in a ew cases, i 
been observed to get twisted and thrown into two or three curls. ^In some cases, 
the leaves show a slight tendency to roll when the sun is strong. 1 he exact sigm- 
ficance of some of these characters is yet unknown, though t ie as may 
devices for shunning the strong light and attendant heat. ^ _ 

The hairiness on the leaves. This serves as a diagnostic character of the ditter. 
ent strains, but it has to be examined at a particular stage ° ' . .. 

early stage the hairs are not fully developed, while at a very a e s a^e v , 
ofi. They can be seen well about the middle of August, that is to say, 
plants are 65 to 70 days old. When present normally, 
on the upper surface of the leaf than on the lower. Some types o 

variety are absolutely or practically glabrous in their leaves, but m o lers, i ^ ; 

are sparsely and in still others more or less thickly covered with hairs. In 1 _ . 
which are very thickly hairy j the lower surface is also hairy to a cer am 

hairs may be short and downy or long and coarse. Qccasiona y, 
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Range of tl^e period 


Bays, from 
sowing' 


Types contained: 


A few. 

A small number. 

A considerable-, number. 
A very large ' ntiinber. 
4, few. ■ 
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of hotli tyjms together. It is very often foiuici tfiat the .markedly liairy types are 
also ratliin* coarse-graiiied. 

TJfe peilmicle. This is the uppttm.(DSt iiiteriiode of the p,l.aiit supporting, the 
panicle and is the longest of all T.b.e major part o.f it re.!iia:i.ris covered np by the 
sheath of: the flag. But. for coiivenieucty that part of. it ;w.hich e.iiierges above 
the ..leaf joint is called the peduncle proper. Its l.e.rigth is a strain character, tho.ngh 
it is liable to fluctuate under dilierent conditions. In rich. Helds there is a good 
deal of leaf growth and he.rice the length of the peduncle or its eniergeiiGe above 
the sheath a|}pears less, while in poor ii.elcls the leaf growth is less and the exposure 
of the pedn:iicle is greater. In years of poor cro|> growth al^o, the emergence is 
more appreciable tlian in years of good growt.l.L Similarly the successive : tillers 
in a plant show a greater e:!.nergence of the peduncle as the later ti.llers are obvioiis- 
ty weaker than the main, and liave shorter slieatlis. T..he range o:E variatio.n in the 
length of the |;»edunclc is 1‘2 cm. to 12 cm. It is not desirable to have a very long, 
pediinchv as it is liktdy to break and so to |)re\vnt the |)ropcr development of the 
g.rains. 

. liEPHOnuCIlVJS C..H'-AEACT.ER8, 

Ila/fs of JlofverifH/, The dates of flowering in the diflerent strains of Ko- 
hmha rice range oven,* a period of about 45 to 50 dtiys. This long ra.nge is of great' 
practical importance fro:in tlu! point of view of th(^ moisture conditions of difierent 
lielcls ami of the even distrilHitioji of the available lai,)our. The earliest types flower 
by about the l>egiuning of Septmnber if sown in the first or second week of June, 
that is to say, in about 80 da vs from sowing, while the latest types take as much 
as 130 days, flowering about the middle of CJctober or even slightly later. This 
range of about 40 to 50 days can be roughly divided into five periods of flowering. 
The first of th se ends about September 6th and covers just a few types only. The 
second period ends by about September 22nd and is not much bigger in the number 
of types it: covers. The third period may. be taken to end. with the month of Sep- 
•tember 'and i.n.cludes a larger number of types. The fourth period ends w-itli the 
first week of October and covers the iarge.st number of types in the. variety.' The 
fifth and the las't period is an . insignificant one iiieliiding. only a very few types. 
These .five. pe.riodB .may be. called respectively very early, early, medium, late and 
very late, and .may be show.n in 'a tabular for.m as below 


Hauie of period 


Very early 
'.Early ■■ :'V 
Me* Bum . 
■Lafee " . 
'Very" late 


25fcli Auguj^t. to 5th September 
ath September to 20th September 
2ist September to 30tb September 
Ist October to 7th Otctiber 
8th October to 15th October 
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, This classilicatioii is .macle b)?* taking June 6tli as the date of sowing when general- 
ly the first showers are received, and is based on the mean dates of flowering of 
the several strains under study. In line cultures an individual plant was consider- 
ed to have flowered when the top portion of its panicle emerged above the sheath. 
In the course of the last five or six years, the strains have flowered at almost a fixed 
date with very slight seasonal variations, although the time of sowing may have 
varied by about a week or so. Even such a delay in sowing, as of two months in 
the case of a late strain, put oii the flowering date at the most by about a week 
and made almost no diflerence in the date of harvesting although the crop was a 
very poor one. 

The period for which, the plants in a single culture (generally exceeding 200 plants 
in our work) continue to flower is generally longer for the early strains and much 
shorter for the late ones, proba bly because when the early strains flower in Septem- 
ber, there is much moisture in the soil, the air is more humid and the sun’s heat 
also is not so strong as it is in October when the late strains flower. The maximum 
shade temperatures during the first week of September and the first week of October 
actually recorded were 92^F. and 97°P. respectively. 

The date of flowering of a plant in a culture is a pretty reliable indication of 
the purity of the culture if it does not go beyond the normal range. Any unusual 
extension of this range on any side may be looked upon with suspicion, and in such 
cases it is generally possible to find confirmatory evidence about the impurity of 
the culture in the matter of some other characters also. Thus it often helps in rogu- 
ing an ordinary field sown with a pure type. 

The period between flowering and ripening is also a fairly constant one, being 
about four weeks for the early strains and three weeks for the late ones. 

As already mentioned the practical utility of the various strains of Kokmiha 
flowering over such a long period is very great. It makes the variety suitable for 
the varying nature of the soil, the varying nature of the water supply, and the 
cultivator’s need of evenly distributing the available labour for txansplanting and 
harvesting, and the cultivator takes full advantage of it by growing strains with 
different periods of flowering in different kinds of fields. 

PoUmation. The study of pollination in the rice plant and in particular in the 
liolmnha variety in the North Konkan may be taken up next. It may enable us 
to make a proper estimate of the chances of maintaining the purity of a type under 
field conditions. In rice generall)?*, and in the Kolamba variety also, self-pollina- 
tion seems to be the general rule, though occasional cases of natural cross pollina- 
tion are also met with. The percentage of natural cross-pollination, liowevei; 
does not seem to be very appreciable, only about two to four per cent, of its occur- 
rence being noted, ^ 

^ Parnell, F. R. ^Rang^an^yeugar/ G. N. ; and Ramiah, K. THe inheiitance or characters 
in rice. ■Mem., Dept Agri, India f Bot. Ser.^ Vol. V, No. 7 . t n . bt- 

Hector, G. P Notes on pollination and cross* pollination in the common rice plant, Qrgza mtim. ■ 
3Iem, DcpL AgrL India, BoL Ser,, Yo\, VI, No. 1. ' 

Researches with the rice plant, Van der Stock in Java., 
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In a rice plant which k aJiont to flower, the panich-s fro.n the successive tille. 

- not n i at ,hc same height. „ur are they all rea.ly to .haver the ™ ^ U 
a let- ami he more centra! tillers heing more advamaul are the iirst to flower 
K Huluu ual |)a!ucle the ilowermg procee<ls frfau ahove downwarcls (P1 TT ot 

;V«:: t::: f ^ 

mueSr£etd?X' S“»‘> 

of ft! to finish the onenine 

glumes generallr takes place from fl-SO to n -^0 . „ opeaiing of the 

«een hetween 10 and 11 a w Tijl ? , 

mornino fl’owo-i ' temperature lower than usual in the 

LiO a“j van '! T"”® "'™'' 

rpi I *' ’* jn’o almost' 

fi<Hdll'trf!hX^h^ 1^'® 1™® Ifi®'' 

.‘50^35 d!nv !\!-h , "f '’^^ke an angle of 

c oJ witoir‘? "!'r 50 minuted and 

ing ..f th! Zmi 1 to to r ”'“f f 

The te.nner- tores’ ,f * i ‘iT”’" ^ 60 minutes, 

optimum beine to"? ^”'"8.^''’’:^*'*’ 80°F. to 9a“P., the 

tain Avaves so ® P®”®^ d^tig a single day the flowering is in cer- 

at once then a to ^i'® nioments when several flowers on a panicle may open' 
^t once, then a lew more after a short while, and again a few more and so 

and hang dXlrmiiteTnto^f,?'^*’'!- generally emerge from the glumes 

pollen. ThP 7 i o to . stigmas remaining quite uncovered with 

so, thev biirsf V f ^''^filoh may extend occasionally ev-en to fi.A'^e minutes or 
of the ‘iiithprs 1 pollen outside the glumes. In some cases, one or two 

pollinate tlm stiXr”"*'*' 

emetoinrfe!m^ff‘^*T^ with the advance of the day, the anthers hurst while 

' tive j^ii^mas quite^ful]™^^ -wliile they are inside, thus covering the respec- 

the glumes o that, as a general rule, the stigma is receptive hy the time 

in fchilyluaie-^ earliest opening flowers, the stigmas 

shdws that ^ our presence are more or less covered with pollen. This 

the OBeniBo-'^nr poHen are both in a fit condition at the normal time of 

i^ouiiig 01 the flowers. 
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It has been observed in some cases that the two stigmas spread out so that they 
protrude beyond the margin of the flowering glume and pale, and when these close 
up, they are caught up between their overlapping edges. It is suspected that this 
may happen if for some reason or other the stigmas are not self pollinated. They 
can often be seen then as brownish specks on either side of the spikelets when the 
spil^elets are mature. Such an exposed condition of the stigmas may occasionally 
be helpful in bringing about cros.9 pollination either through wind or through in- 
sects. In connection with the possibility of insect agency, it has been noticed 
that Cantharid blister beetles and bees commonly visit the rice flowers during the 
hours of flowering. 

In the period of flowering, especially of the late types, there is generally no 
rain ; but the wind is often strong, and it must be a powerful agent in bringing 
about cross-pollination at least in a few of the flowers in ’which the stigmas may 
remain exposed as stated above, especially if the crop is of a heterogeneous nature. 
In fact, when the anthers are bursting, the slightest jerk is enough to show tiny 
clouds of pollen grains wafted by the wdiid to the nearest panicle. A large number 
of blister beetles of two or three kinds are also seen busily engaged in feeding on the 
anthers, most of which are already quite or partially emptied of their pollen. The 
abdominal parts of these insects and their legs etc. are covered wdth hair to which 
the pollen is seen to adhere. Similarly, small bees and thrips are also occasionally 
seen to visit the rice flowers. So, all things taken together, with the exposed condi- 
tion of the stigmas in certain cases, might easily explain the occasional cross-pol- 
lination ^ which takes place in rice. Besides we may also have to take into consi- 
deration (in some cases at least) the prepotency * of foreign pollen, even suppos- 
ing that in many cases in which the stigmas remain exposed, self-pollination 
may have been effected. 

The jxinicle. The panicle in the different strains of Kolmnba rice shows consi- 
derable variation under the following heads : — (1) length, (2) number of branches, 
(3) total number of spikelets, (4) density, (5) sterility, (6) nature when ripe and (7) 
yield or weight of grain. 

Length of panicle. It is usual to measure the length of the panicle from its 
lowest node wliich is generally hairy to the tip of the main axis. The length of the 
panicle in the different strains so measured varies on an average from 22 cm. to 
29 cm. It may be said in general that in accordance with the nature and stature of 
the plant, such as short or tall, the panicle may be short or long. The branches of 
tlie panicle also may be short or long according as the panicle is short or long. 

NimLeyT of . Branches. The number of primary branches of the panicle varied 
in our cultures from 10 to 14*9. Curiously enough, long panicled types have pro- 

^ Hector G. P. Notes on pollination and cross pollination in tlie common rice ]dant, Oiy/.a 
mtim. Mem. Dept. Agri. India, Bat. Ser.AVol. VI, No. L F. R. Parnell, G. N. Rang-swami 
Iyengar and K. Eamiah. The inheritance. of- characters -in. Hce. .ifcw. DepU Agn. 

■ ' ■ . 

^Darwin and modern science, By A, C. Seward, 
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lK)rrioiiaipIy fewer branclBB, whereas IJu- sliort laiinaied tvpes have a 
HU‘]y liir^w niuuiuT. (.'fijiscjiienth'. lojt-B'r tianu-Ic • t< ' 'i ' 
appcarapee, whereas the sh-.rlir cuk's ar^chMi'^rilr n.n . in 

resprc, the total laiBiiuT of spikelets l,orne !.v the p. ,k-le or h'rhtefw “ 
‘IjvJdual branel, k also ,gi-eatly responsible, becntuse ho li in't 1 • I It tl ' 
of branehe. and also in the case of the number of spilo-ie" the i ' . th 
per unit length, the greater the compactness beemues evident ' 

Oeeasiunally tiie tips of the panicle branches show eertain' oeeuliaritk ■ ^ 1 
nltliougli they are not of any great si-mificanee still thc«. ,„.. J ^ . f ’ 

passing ( 1 )^ In that portion of a panicle where there is no stekhtTcbir^'+.f^^''^ 
hence o nidimentary spikelots, two spikelets at the i>im 1 of a brincli are 
much closer together than the lower ones fi- , ' I placed 

called tip clusters. Tlii. char-mt o / f ' ^'hat may be 

typcswitiiconipaerheads: | J)‘ n I’wo c^annnly n,,.,,,. 

b- .-.v ti.- ,i„ .1,,. ;,';r r 

rr ■ t";" -f 

2D3 'f'"' 1'“' ' »''■■»«« ‘ atr tam 

sl«'k«letsiuVi™iilcL''''STH . '* a van- largf number of 

of spilceiets is associated with considerXlelstoilitir'lt SsJ 

ir4orz“ for “te r«““ “‘“i”®' ■!“ 

spikelete borne b 3 - the pantcir ”* “'““uiily proportionate to the number of 
“4 fll X 4,; ' '™S*» ««"•«' taring part of the individual branch 

in practice 4dXXfae"XlXXXr4X*taWe t" “ 

i^neity by dividing the total nuniber ofljllXt 

panmle only. xMeasiired m this somewhat arbitrarv wav, the deusitv of^the main 
panicle m the different strains rvas found to vary frok 9-2 to 22-3. It may be point- 

r:rt'r^ mother cii\':^:::t 

also*the densp^i- rt i ^ largest number of spikelets and is 

^hose bor ne by the successive tillers being smaller, 

page "• character kik krplt»t~i^«e Agri. 
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j . sparser and lighter in comparison. Some degree of positive correlation seems to 
exist between the density and sterility, so that the denser the panicle the more 
sterility it has. 

SteriUty %n the pamde. Sterility or the habit of producing unproductive spike- 
lets is a phenomenon oi: a ratlier common occurrence in some rice varieties and in 
Kohntba in particular. It may be inborn or incidental and due respectively to 
internal or external causes. As a result, there is either a complete lack of fertilisa- 
tion or an interference with the further development of the ovule, the economic 
loss in either case being practically the same. Instances of the first kind can be 
seen in several types of the Kolamba rice in which a smaller or larger portion at 
the top of the panicle is occupied by rudimentary and undeveloped spikelets which 
are quite white and papery in appearance and do not ]Droduce any grains. These 
colourless or rudimentary spikelets can be seen only while the panicle has just emerg- 
ed from the sheath or for three or four days after. But later on when the panicle 
ripens, they dry up and fall off. Similar rudimentary sj)ikelets are also found 
sometimes at the base of the lower branches in certain types of Kolamba, A very 
similar result is often produced in fields wliicli receive large quantities of manurial 
washings as near village sites. This kind of sterility is known as sponginess in Java. 

I It is evident that in the case of such rudimentary spikelets both the pollen and the 
I ovary are more or less aborted. Occasionally, certain plants are found in which 
I there is absolutely no grain-formation. They remain green long after their brothers 
: have dried up, and sho\v complete lack of self fertilization in their panicles. The 

spikelets are nearly normal in form and texture though slightly reduced in size, 
i This want of grain formation has been found to be due to the impotency of the an- 

j thers,^ since the pollen grains which they contain are quite deflated and devoid of 

contents. In such plants occasionally a grain or two may be formed, but it is pro- 
' bably due to the cross pollination from normal plants. In a few cases, attempts 

! had been made to cross such flowers artificially, but the attempts were not siiccess- 

fuL 

« Instances of the second kind of sterility are those in which the panicles remain 

j imiilled and feathery owing to the attack of stem borers or of sclexotial disease. 

I In these cases, the supply of nutrition is cut off and the whole panicle dries up with- 

I , out producing well developed grains. 

I OccaBionally only stray spikelets in a panicle which are quite normal in appear- 

( ance remain undeveloped due probably to chance lack of fertilization or to un- 

i favourable weather conditions interfering with the act of fertilization, such as heavy 

rain or very strong sun and winds during flowering. The first condition may either 
i wash the pollen off or cause it to degenerate and the second may dry the pollen up 

before it is able to germinate on the stigma. It is suspected that, in some such 


* ^ BMde, R* K, A cause of sterilitv in rice flowers. The AgricuUtiral Journal of Imlia^ Vol. XVII, 

t , ■ p. 584 (1922). 

I ^ ^ ■ ■■ ^ 
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easels also, thk paitiil st-erility may be due to tbe iiiipoteney of tlie aiitlieK in some 
of the spikelets, but- tlie riiatter ihm^cIs further eouliriraition,. 

l.h‘garLliag tliis sterility of tlie uoruial looking s|:iki:dets iiiterspersed in the panicle 
just described- it was observed that in tlie gerierat.ioii of certain crosses, a few 
plants ^llowed tliat the stamens from a good many spikeJets emerged the normal 
elongati(m or their filaments, but the antliers. thougli cpiite yellow and outwardly 
iiOTinal looking, did not burst. Most of them appeared to remain yellow and mi- 
buTst till they dried up. The stigmas from such sjiikelets were generally uncovered 
with pollen. On opening stidi anthers under tlie dissecting microscope they look- 
ed somewiiat moist aiid their contents did not separate into a floury dust. Thus 
even in this case, the failure seems to be due to the defeeti\T‘ condition of the pollen 
in some spikelets. It could not have been due to want of siinsliine, low tenipera- 
tiire, etc., sinc?e all plants did not- show it imr did se\'eral otlier strains show it. In 
all normal eases, the antliers generally Inirst while (unergiiig, or just after emer- 
gence and. assume a whitisli colour on shedding their polhm. 

In certain cases, some of the lower spikelets in i\ panicle eontaiii only partially 
deveh'iped grains. This is due to the fact tliat they are fertiliixed latest of all, and 
hence, they «*a{]not getenoiigii time for grain development. Although there is no 
qmcstiou here ot sterility, still as this eondition amounts in effect to practioally 
the same thing, it lias been tl.{,ought desirable to include it liere. 

St<‘rility due to sponginess,; tliat i.s to sa}^, the iTidiinentaiy eondition of the 
spikelets is generally associated with types having short co.m pact panicles and short 
fine grain in Kohmha rice. The more eompact the jianicle tlie more sterility it has. 
In such a plant tlie main panicle again shows more sterilitj" than the later formed 
panicles as they are smaller and less compact. This kind of sterility due to spongi- 
ness is rarely found in types wdiich have long and sparse panicles and coarse grains. 

Sterility or unproductiveness due to physical or physiological interference with 
fertilization or partial development of grains can however be found in both types. 

In the plant to plant measurements it is diflicult to assign exact numerical values 
to the kind of sterility which is due to sponginess or to the presence of rudimentary 
spikelets, since tliey soon fall oft*. Nothing can, tlierefore, be made out of such 
sterility beyo,iid noting tlie degree of its extent.. But it is' possible to assign values 
to the otliiir kind in which the unfilled spikelets can be eoiinted. The percentage 
oi such, unfillocl or lialf filled to tlm well filled spikelets varies from 11 to 42 per cent, 
in the different strains. 

From the breeder’s, point' of view, sterility, or sponginess is a very undesirable 
cliaracter. It means so, much loss of grain wliicli should luive been normally develop- 
ed. It is, therefore, essential to try and avoid it as far as possible. Unfortimate- 
ly, there seem to be noiine grained types of Kolawbu rice which may be said to be 
absolutely free from sterility. 

Dmienstons oj the spikelets. The average length and breadth of the spikelets 
fii the diiierent strains of Kolamba vary froiii 7*67 to 9*51 mni. and 2*15 to 2*60 mm. 
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respectively according to the fineness or coarseness of the spilcelets. In this con- 
nection it "may be noted that apart from the length of the spikelet within certain 
limits it is the thinness which determines its fineness. 

The weight of the spikekts. In order to get an idea of the average weight of 
the spikelets in ‘the various strains, the average number of spikelets required to 
weigh a gram was found out for the various strains. This number varies from 45-5 
to 83 respectively according to the coarseness or fineness of the spikelets. The 
proportion of husk to clean rice in a given quantity of clean paddy is about 1 to 4. 

The nature o/ the ripe pamicle. The panicle, as it emerges from the sheath, is 
somewhat cylindrical and tapering at both ends.^ In the course of flowering, the 
individual branches separate more or less in the different strains and begin to spread 
away from the axis. As the grain development proceeds, the branches spread 
out and s»ive the inflorescence the appearance of an open panicle. But when the 
ripening advances and the spikelets are heavy, the upper part of the panicle droops 
down in the form of a scvthe with the branches closing upon it. In certain cases, 
the branches do not close on each other though the top portion may droop, and then 
the panicle looks partly bent down with the branches spread out. In yet another 
kind which is of rare occurrence, the branches droop down, but the top being com- 
paratively light stands erect. On the whole, the appearance of the mature panicle 
is dependent on the following factors : 

(1) The length of the panicle. 

(2) The number of branches in the panicle. 

(3) The length of individual branches. . . „ 

(4) The number of mature grains on a branch and their fineness or coarseness. 

(5) Emptiness or otherwise of the branches at their base. . , , 

As a result of the combination of one or more of these factors, the panicles sliov 

several types, four of which may be chiefly mentioned. _ 

No i. Long and sparse type. In this type the panicle is long, the branches 
are long and few, the number of grains is comparatively smaller and their sme coar- 
ser. The panicle when ripe droops almost near the middle. Such are strains (9 

2. Long and rather compact type. In this type the panicle is medium in 
length, the number of branches is greater than in type 1 The length of t^ranches 
is Sightly reduced, the grain size is medium and the panicle when ripe droops 
a little above the middle. Such are strains 164 and 8. ^ ^ 

No. 3. Short and compact type. In this type the panicle length ^ 

than in the above, the number of branches is larger tot SfS 

of the panicle, the gi-ains are more numerous and fine. The Branches do not droop 

nor opL much bite remain somewhat closer together and the appearance of the 

panicle is compact. Such are strains 39, 35 an . , , Tumiber of 

No 4 Short open type. In this type the panicle is short, the number of 
^ iNo. 4. biiQit opei yp. coarse, and the branches are somewhat 

branches IS medium,, the gram js rattier coaise, <1 . 



I 





}.Ieaii weiglit. Co-cffieicut of 
of average eoi.*reiatit*»ir between 

panicle t i ileriiig a i id \ iel d 

grams per a vi^ragc nuniele 

;].g4 ■ ^-0*32db0*0d 

— 0*:$4±0-04 ^ 
~0d9db0-04 
— "0'0odb0*04 
— 0-15±,0-04 
0-40i0-04 
— 0-24db0-04' ' 


iiilMABKS 


Si;ratii 

i:\o. 


Coarse graliiecL 
i\Iediu:m g.ramed». 

; Ditto. 

Eiatlier coarse grainecL 
Fine grained. 

Ditto 

Fairly fine grained. 


Showing mrrelfdion, between nmnber qf fertile tillers (md weight of mi average pamcle. 
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^p!va^iiI!L^ 'Hio ripo pank'li^ vtipMMpioui iy ussninB^ an opoii nppoaraiKa\ Such 
is strain. Ibil or -PI. ■ The different Ty|jes ate illustrated in Plate IV, 2. 

The giehl <f a panieie. It may Ih' noted, that plants with greater tilleriiig have 
generally lighter panicles. Secondly, the yield of grain, to be obtained from an 
average panicle depends on the a.verage .nnoiber oF fertile grains borne on it, and 
tlm ax’erage weight of the. individual grains. ]'t lias been already ineiitioiied that 
tfn,»se types in wdnch the niinibei- of spilveh.ds is very largt^ are generfdly line grained 
and show greater Bterility on. the ''whole. Consequently, tlie }ield of grain to be 
obtained from a panicle of such a. type is not necessarily very large in proportion 
to tlie number of spikelets. . Because' what is gained in .number may not be much 
more tha'o. vd-iat is lost in freight. All the panicles again w'hich a plant produces 
are not of equal size and weight. . Efforts were mode, therefore, to get an approxi- 
■mate idea of rlio avera.ge yield of a panicle. This ^>btair'!ed, by dividing the 
aM?rage yield per I'djint !.\v tiie average number of bearing tillers. Thus the range 
of yield per asamage panicle in the different strains is 2-5H to l*5o grams. When 
relatcaj, to the size of the iiiain panicle, tlte average pauieie is Found to be from 71 
to 80 p(‘r c’ent. ft iruiy further be meat ioiied that it is not the lirngth wliich so great- 
1}" falls ill the. surorssiYe jia nicies of a pLnitns t!ie uumbet* of liraitehes, the number 
of s|tilo.‘lets luvriu* on tlmin and the density. 

In the various pure strains of Koiwwba rice 'w.liicli. liave bee,n, , isolated by the 
autlK.a's, the cora-elation I'H.U'.Witen the ii'u miter of tillers and the yield of grain per 
average ijaniclr* has l>een fo'und to be negative, thoiigli not by -tn}" means to the same 
extent. These’ results .]:nay be suuiniarized in the follow.ing Table : — ■ 
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Showing correlMion- bet/ween number of f&dile tillers and w of an meragef 

fanicle. — contd. 


Strain 

No. 

Year 

Meajn 
mimber 
of fertile 
tillers 

Meadi weight 
of a\erii.ge 
paoricie 
grams 

Co-efficient of 
correlation between 
tillering a,nd yield 
per average x^aniole 

B.EMABKS 

42 

1923 

9-4S 

317 

-~0-13d:0-04 

Fairly fine grained. 

121 

1922 

7-74 

4-55 

-0-i9±0*04 

Coarsegrained, 

104 ’ 


11 ‘OO i 

2-94 

—O'OOarO-Oo 

itfcdiom to coarse grained. 

104 ' 

1923 

• 9*71 ' 

2*74 

._0-04±0-04 

Ditto. 


From this it will be seen that within each pure strain there is in general a negative 
correlation between the number of fertile tillers and the yield of an average panicle. 
The amount of correlation appears to vary much. In some strains, as for instance 
Nos. 164 and 104, it hardly exists. In others, it is distinct, as for instance Nos. 35, 
184 and 79. 

As between different strains also the relationship between tillering capacity and 
the yield of the average panicle seems to be distinctly negative, as is seen in the 
following Table, 


Shotmig correlation between niemi tillering and mmn weight of amrage pmitde in 

different sf/rams. 


Aleaii weight of 
average panicle 
grams 

Aiean tillering per 
plant 

("o*effici,ent of correla- 
tion 

B.EMARKS 

4*6 

7‘Ot) 

— 0-394:0*09 

1 Correlation appreciable. 


The yield fer 'plant. The yield per plant is of the utmost economic mipoxtance 
and depends, as will be seen from the above, on the combination of the yield of the 
average panicle and the effective tillering capacity of the pla.nt. These characters 
jire probably somewhat antagonistic in Kolaniba rice. But a type with a fairly 
high tillering capacity and a moderately large and heavy panicle is likely to give 

.the highest yield. , ^ 

The relationship of tillering to yielding capacity per plant in a pure s train v^ hicii 
is of a positive nature has been determined for a number of strains in 19235 a culture 
containing about 240 plants in each case fdiming the basis of the study. 
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Tlie results are as follows ; — 


Shomag eorrekuion between iUlm/ng and yield per pkmL 


Strain 

alea?i muiibcr uf I’ertiJe 
iillers 

.Ueaii vie Id of grain per 
plant grams 

to-eilii;icut oi correlation 
ix’tweeii tiiiei’ing and 
yield j>er plant 

70 

4*1 

11*7 

0*71 ±0*02 

184 

3-0 

S-9 

o-so±o-ooi 

150 

8*0 

22 -4: 

0*67±0*02 

'104: 

' t>-7 

23*0 

0-72db0-02 

02 

74 

24*1 

0*75i:0*02 

Oi) 

' 7*2 

25*2 

072±0*02 

‘42 

0-5 

21)-8 

0-i)4±0*02 

121, 

7 ‘7 

* itl 

.... 

104 

0-7 


0‘S4±0*02 


It wiii be seen i'roin these iigures what a close relatioiishij) wilhin a slram there 
is IjciweMm jimaber of tillers and the yield per plant. Tliis is j)erliaps what might 
hiXM) tnxpected as the sijse of the eariicad slioiiid vary little within a pure strain. 
Betwi‘en diilerent strains also the coiTelation is close^ tliovigli not always so. The 
following tables are enough to show cleaiiy that among strains of liolmnha rice, 
at any rate, yield is determined more by the number of fertile tillers than by any 
other factor, except perhaps the height of the plant : — 


Correlation between tiUering and yield per plant in di^crent strains in di^erent years. 


Strain 


Mean No. ' 
of fertile 
tillers 

iiean yield 
per plant 
Grams 

Co*cfiieient 
of eorreiatioii 

B£;M,AKKS 

Ucservi} Koiamba 

strains 1023, 

i 

5*30 

13-U3 

0'38db '05 

The strains n cre 'widely dilfer- 
ent in peilod of dowering, 
grain size, Xu. of grains per 
panicle, weight of panicle, 
and 3 idd per plant. The 
total obser^altiol]s were 138. 

iSTew panicle series, 

1024 * 

1 

5*30 

14*07 

0.e7±.02"l 

c 

r 

lOic strains \i cre more alike. 
These vrerc 180 and 125 

yew panicle series. 

1025 

0*21 

x8*8i 

U *64^*03 J 

obser\"ations respectively. 

.Bulk Selection se 
1025.' 

ales. 

5*i)4' 

l(i*42 

■ 

0‘62H; ‘04 

The strains were not so nearly 
alike as above. 87 ob;,erva- 
tioiis. 

l,ntensi ve cult tires 
different., years. 

of 

1 ' 8*10 

27*15 

0*77±*04 

Tlie strains were clifl'erent' 
from each other *39 observa* 
tions. 


ill almost all theso eases tlie eorrelation is close. 
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Correhiiou between mean heigU oj plant and mean yield per plant in the intensive 

cultures. 


Correlation between the height and yield per plant in tivo strains in 1925. 


1. Gorrelation between tillering and the length oj the main panicle 


Strain 

Heiglit in ; 
cm. 

Yield per 
plant in 
grams 

Co- efficient 
of 

‘ correlation 

Remabks 

42 . . . . 

15 6*7 

50-00 

0'54±0'04 

^Correlation fairly close. 

241 .... 

IBS'S 

22-02 

0'43±0-05 

) 


Strain ' 

Mean lieiglit. 
cm. 

Mean yield 
per plant 
Grams 

Co-efficient 
of i 

correlation 

Remarks 

I nt(3nsi ve cu 1 1 ii res of 
different years. 

1'42-iS 

27-08 

047±.08 

30 observations. 

Correlation fairly close. 


Strain No.; 

Mean No. 
of 

tillers 

Mean length 
of panicle 
cm. 

Co-efficient 

of 

correlation 
between 
tillering and 
length of panicle 

Remarks 

79(1921) . 

8-5 

26-7 

0-il±0-04 

J^Correlatioii slight. 

79(1922) . . 

5-0 

27-0 

O-lliO-04 

j 

42(1922) . . . 

10-0 

24-8 

0-22db0-04 

Correlation rather appreciable. 
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orrdation appreciable. 


ill 


'EeMA'RKS 


I F. (h'frektlimi beti€een ■im.mbei' (^bmmhes and uamhey of spikeleis in ike mmn panicle 


K:E:MAnKS 


42 ri922) 


iJorrelutioii belivcen the length oj the main panick and the 'height qf the plmit in Strain 

No.tiJin 


Mean length of paniele 
in cnn 


Bemabks 


Correlation 

appreciable 




(."o-(iOicieni. 

No, 

of 

ti tiers 

Mean: No, 
of 

bf'ancli.o^^ 

i.'orrd.'if b;n\ 
bt,*} wetni 
tilltn'iiia .tud 
;-pi keiel s 

\m\ 

1 . I2”;i 

Ii*!7i:4l4 



' 

Mean height of plant 
in cm. 

. Clo-elliciont of c 

orre* 1 


, 1 

m-71 

t:b2i±o-o: 

> 


'otava'iit 



: 'Eemaeks 


lEean No. 
of 

branches 





Mean No, 
of 

s pikelets 

i'o-elHclent 

of 

eoiTtdatiuii 

fx-t u‘eeu 
brauehes and 




spi!;elets 

u<n 

419-24 
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The following coi>relations were also worked out in the different strains in di fferent 


i. Omrelutim between density and number of sterile syiihehts in the main panicle 
in the djiffermt strains in different years. 


Mean !No. o£ Oo-efBcient of 
AEean density sterile siiiKe- correlation, 
lets 


Eehaeks ' 


33 observations. Cor- 
relation close. 


0-63±0-07 


88-60 


Intensive cxiltiire.s of 
different years. 


Rbmaeks 


Co-efficient of 
correlation 


Mean sterility 
percentage 


Mean density 


Cult u res 


n. Correlation between density and sterility percentage in different strains in different 


III. Correlation between n umber of grains per gram and sterility perceMaye in (efferent 

strains in different years. 


Cultures 


Intensive cultures of 
different years. 


Mean No. of 
grcxins per gram 


Mean sterility 
percentage 


Co-efficient of 
correlation 


0-16d=0*U 


Rbmab-ks 


32 observations. Cor- 
relation slight. 


Thu« it will be seen from the above results that there is a close correlation betweeii 
density and number of sterile spikelets, and an appreciab e one ® tensi j 
and sterility percentage. There is also appreciable correlation between number 
of branches of the panicle and number of spikelets and between ti ® 

of spikelets in the nanicle in strain No. 79, though the same m strain No. 4:. is nyli- 
gible. The correlkon between length of the panicle and heighc may oe said to 
be rather appreciable in the case of strain No. 42, but the other correlations worked 


out seem to be slk'lit or negligible. x ^ 

Eetamins to fi. conoiderotion of tie yield , ? tS 

in the \erv early strains this is generally low, presiimab y owing e 
of growth. Further, these very early strains have all a low tillering cap y 


.liitousive cultures of 
different yeai-s. 


0-29db0-10 


33 observations. Cor- 
relation appreciable. 
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flipir ]>ank*les also are small. Altliougli tlu*, grains In thnsn strains may be. c* 
their iiulivhlual weight is not large enough to make up the shortage dtie t 
tillering and the small imiulier of grains j)er paniekn Tlie yield per plant i 
1 ate HtraiEH is generall v more than in the earlv strains as w ill be seen from the foil 
Table 

Hinrmuy ilm //teWs' pet phinf iff. themtlp mid hie Df the year 


Cnarse iiruiiu’ci 


Medium ♦•'nuned 


< 'uar-se jiraified, 


Aled. tt) coarse gi'am 


So far only the yield of grain has been considered, but the straw is of consider- 
able importance also as it serves as fodder in the tract. The following arc the 
comparative figures of grain and straw yields in the extensive cultures grown in 
a plot of one- fortieth of an acre each in the year 1921. 


KaTJO Of CHAIN 
TO .S'lKAW 


<R’ain weight in lb. 
from miriibor of buuc lie.'^ 
of equal size 


JSlraw Weight in lb. 
from number of huaclu 


Strain No. 


tStraw 


Drain 


Huuelu! 


The low yield of strain No. 42 here is due to thin planting as 'will be scon from the iiumicr of 


bunches. 


, . 

. m 

00 
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00 
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1 *000 
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72 
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1,474 
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. m 

04 

KTU 

02 

12 

1.784 

MlOO 


. 7(i 

OH 

L601 

m 

12 

1.001 

1-000 


' 


1,248 

77 

04 

1,248 

1-003 


. 77 

14 

1,408 

72 

0(i 

1,408 

1-00*0 

. 

. 77 

08 

i;io7 

107 

oi; 

1,807 

1 -000 








n of stem of a standing strain. Behind the air cavities 
arger cells can be seen bands of sclerencbymatous tissue, 
by the very small size of their cells and greater tnic! 
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The above table shows that Nos. 42 and 223 give more^ grain than straw, while 
the others give more straw than grain. 

Strength oj straw. This is rather an important character in determining the 
utility of a strain* of rice. On it depends to a certain extent whether a strain can 
maintain an erect j)osition or is likely to lodge in the field at maturity. Such lodging 
at maturity entails not only some loss of grain, but also a reduction in its quality, 
especially if the fields are very wet. The actual standing or lodging of any strain 
is mfluenced by external conditions such as the high fertility of the field and the 
weather at the time of maturity. If the fields are very richly manured, the stem 
tissues become softer and more supple and the plants cannot maintain an erect 
position. They are easily swayed by the wind, the stems spread and bend out- 
wards and the crop lodges. Stormy weather at maturity generally causes the plants 
to lodge even though they may be strong in straw. But if we leave out of considera- 
tion these abnormal external conditions, then such strains as have a short stature, 
an erect habit of growth, and a thick culm with a certain amount of liiechanical 
tissue in the stem structure which gives the stems more rigidity, are more likely to 
stand. Plat 3 V, A shows the stem structure which is generally found in strains 
which are likely to maintain an erect position at maturity. In them there is a 
thicker band of sclerenchymatous tissue at the periphery of the stem than in the 
lodging strains, the fibro- vascular bundles are more numerous, and there are parti- 
cularly a few layers of small sized sclerenchymatous cells behind the air cavities 
which are generally found in the hollow rice stem owing to its aquatic habit. These 
layers of small sclerenchymatous cells are more or less continuous with the scleren- 
chymatous sheaths of the fibro-vascular bundles lying on either side of the air 
cavities and form arches of mechanical tissue behind them. They are generally 
absent in the lodging strains (PI V, B). In order to see them, it is necessary to 
examine sections of . stems of the various strains taken at a particular point in the 
first internode or a little below the second node above the ground when the strains 
are nearing maturity. Associated with the strength of straw is very often found 
the erectness of the flag which can be noticed even after the crop has begun to 
ripen. 

SuscepUbility to the attach oj the stem borer. Some strains seem to be particularly 
liable to the attack of the rice stem borer, Schoembius bipm.ciijer, so that in such 
strains we generally find more plants with white unfilled and feathery earheads than 
ill others. Consequently, this character is very undesirable. It is probably due 


* Butler, E. J. Fuiigi and Disease in Plants, page 22S. 
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otliers ill certain seasons, .-aiid though the damage caused by it is not. ¥ery .apprecia' 
ble, still there is no doubt that it is not a very desii-able character* The belief of 
the cultivators, however, is that this disease appears more particularly, in a good 
crop season. ■ ■ 

The lahif of the grains at malimty. It is true that' this' habit is. never 

so marked in Kohmha rice as in the '' Gonag of the Dliarwar-Belgauni Mallad 
or in wild rice generally, in wliicli the grains fall away as soon as they are mature. 
In the ease of some Kolamha strains, a few of the topmost grains only shed if the 
crop is a little i)ver ripe. It is found that some long and slender grained types show 
this habit to a sliglitly greater extent than tliose with shorter and thicker grains, 
and consequently the harvesting of , such types has to, be done before the crop is, ■, 
dead ripe. 

I¥. Description of selected strains of Kolamba, rice. , . .. 

It is iK>w]«*t>postHltoghe a short deserijition of tin eight pure strains oiKohmba 
rice, grown fi'oin selfcd seed for several generations and wdiieli have maintained their 
uniformity in the characters studied. They do not necessarily represent the whole 
of the variety; for all were originally selected among others for some valuable 
character such as liigh yield, stif! stratr, early riiKuiing, etc., and represent the best 
among the numerous types originally obtained. Of them, one is a very early type, 
two are early, four belong to the main crop of late types, and one is a very late type. 

Strain iVo. 79, This is the earliest ripening strain found in the mixed Kolmnba 
rice seeds obtained from the greater part of the area. It has the fewest tillers and 
least number of branches in the panicle. The amount of sterility is small, and the 
density of the panicle is low. The yield per plant is lowq and the grain is coarse. 

This strain is valuable because of its very short period for ripening. It requires 
about 110 to 115 days from sowing to iiarvesting. It is, hence, suitable for lands 
where the water-supjdy does not last long owing to their high lying character. 
Though very coarse an Kolamha Tim^ it is finer than the available varieties, other 
tlmnKohmha. for such soilv It is not superior to such varieties in point of yield, 
but owing to its finer grain it brings in usually an increased return of about 
Rs, 10 ])er aert\ The colour of husk is deep lirowuisli yellow and the kernel is also 
slightly tinged with amber. But on polishing, it becomes quite wliite and flinty. 

With a normal sowing date about J une 0th. the date of flowering (as taken from 
120 to 250 plants) has varied from August 29th (1921) to September 5th to 7th 
(If 23) or from Si to 92 days. As has already been stated, the strain ripens in 110 
to 115 days, that is to say, it needs about 26 to 31 days from flowering to ripening. 

The average number of fertile tillers per plant wdien grown under the condi- 
tions of study previously described varied from an 8-4"' in 1921, to 5*0 in 1922^ 

SalimatH Gonag ; a weed in drilled paddv, Bowbaif Department of Agriculture, BnUeJin No. 107 

on 921 . ■ - - 

* The Hpacing in the field in 1921 was wider than in sueeqeding, years. 



Remarks. 


Density 

of 

X:)anicle 


Total No. 
of 

spikelets 


Ko. of 
!)raEcbes 


Year 


\ Vidor spacing. 


32-9 

65-3 

47-7 

31*3 

44-3 


10-1 

10-2 

9*2 

9-7 

9*8 


1921 

1922 . . 

1923 . . 

1924 

General average 
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Year 


and to 4*6 ill 1923. This difference is not purely seasonal, but shows the extent of 
variation that may be expected, under varying conditinos of spacing. The 
general average is just 6*0 tillers per plant. Of this total No. of tillers 7*8, 4*5 and 
4*1 have yielded earheads in the three years studied. The proportion has thu»s 
been 93 per cent., 90 per cent, and 89 per cent in the three seasons, or a 
average' of '91 per cent. , , 

The heiglit of the plant has varied from an average of 118| cm. in 1923 to 
cm. in 1921, giving an average height at Karjat of 125 cm. The panicle length has 
been very constant only varying from 26*3 to 27*5 cm. These figures have, of course, 
nothing absolute about them, and are only given to enable comparisons to be made 
with other strains grown under similar conditions. 

Details as to the eharacters of the panicle on the average, are 
in the following Table'.: — ■ 

Mmn pcmicle chamders. 


Tke most interesting of these figures is that showing the variation in the pro- 
]jortion of sterile spikelets from season to season on the main panicle. These sterile 
spikelets amount to 13 per cent, in 1921 and 1924 ; 24 per cent in 1922 , and 19 per 
cent, in 1923 ; and indicate the extent to which variations in yield, even m a pure 

line, may be caused by seasonal conditions. 

The above figures deal with the main panicle ; the following show the 


1921 . 

1922 . 

1923 . 

1924 , 
General 
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The character of the npikeletH tlitHiiselves is sliowo by the following determina- 
tions of avtwage length and Immdth. while the size is clearly shown by the number 
of spikelets per gram : — 


Sfmw No, I6ik 

This is a type, which while ti]Kniing later than No* 79, is yet a rather early strain. 
It has the longest gi*aiu (spikelet) among all the selections made in Kolamba rice. 
It is rather strong in the straw, and is siutal>le for high lands which retain water 
a little longer than those on which No. 79 would be grown. It is distinctly finer 
or more slender than that last described* but among Kolmnha rices it would be 
classed as rather coarse. It would bring about Rs. 1 2 to Es. 15 ])er acre, normally 
more than the coarse iion-Kohmba rices suitable for similar lands. The colour 
of the husk is a liglit brownish yellow, and that of tln^ kernel a very light amber. 
The grains are white and flinty when polished. 

With a iiormal sowing date about June bth, the date of flowering has varied from 
September 2r)th to 28th aiul the lengtli of time from sowing to flowering from 111 
to 114 days. The strain ripens in 135 to 1 10 days, and then it needs about 24 to 26 
days from flowering to ripening. 

The. average number of fertile tillers per plant when grown under the conditions 
of growth previously described varied from an average of 7-8 in 1923 to 10-5 in 1922. 
The general average is 9*2 per plant. Of this total number of tillers 6*7 and 8*1 
respectively yielded fertile catheads in the two years of study. The proportion 
has thus been 86 and 88 ner cent, resnectivelv in the two vears, or a general average 
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the average based on a study of main panicle only, as shown 


Main 'pamele characters. 


JSIo. of 
sterile 
spikclets 




panicle 


1922 . 

1923 . 

1924 . 

Ocncral avcrap-e 


The sterile spikelets amounted to 20*3 per cent, o 
mnk e i 1922, while in 1923 and 1924 the corresponding fign 
r^n "reicctively. It will be seen that in two cases hn p 
is'less than in strain No. 79, and the change caused by 
in the same direction in the two strains. 

The above figures deal with the mam panicle. The to 

from the main and average panicle and from th e whole ph 

Yield of average 
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panicle 
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GVneral average 
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■ ' SlruiM No. J5S. 

Hinmi No. 153 is one \vMdi ripens almost at the same time as tliat last described^ 
and so may be classed as a rather early strain. It has the shortest panicle length 
among all the Bclections niad.e of Kolmnba rice. It yields well, and is finer and 
shorter in grain size than No. 164. ^ It is valuable for the same type of land as No. 164, 
but has a wealcer straw than the latter. Owing to its finer grain it Inings a higher 
l>riee tlian No. Ifid. The colour and behaviour of the spikclets and grains are very 
similar to that last described. 

With a normal sowing date about June Otli to 10th. the date of tloweriiig has 
varied from i^epteniber 25th to 29th ; and the length of time required for flowering 
is from 111 to 115 days. The strain ripens in 135 to 140 days, ami thus it needs 
from 21 to 25 days from flowering to ripening. 

The average number of fertile tillers per ])lant, wlum grown under the conditions 
iwesdously deseribecl, varied from an average of 8*7 in 1*923 to 11*2 in 1922. The 
g<merfd average is 9*9 per plant. Df the total number of tilhn%s, 8*t> and 10*2 res- 
pectively yielded fertile earheads, in the two years of study. The proportion of 
tillers which are fertile has thus been nearly 99 per cent, in 1923, arid 91 per cent, 
in 1922, or a general a,verage.of 95 'per cent. 

The height of the plant has varied froni an average of 137 cm. to 142 cm. The 
panicle length, which is very short as already noted, varies from an average of 20*6 
cin. to 22*0 can. in the two years under stiid^^ 

Details us to the elmracterB of the panicle, based on a study of the main panicle 
only, are as follows 


Mam panwle elmmders. 


'Y'efir' ■ 

Ko. of 
l.iranehes 

! Total.i^so. 

1 of , 

I i^pikolets 

\ 1 
i ■ Density 1 
1 of 

panicle 

Xo. of 
steriie 
spikeJets 

Yield in 
grams 

am . 



371 

'l7*9 ' 

, I28-S. 

3-7 

imz . 

. 

12*0 

3iU i 

17-7 

' ..i 

4-2 

1924 . 

. 

11*0 

345 

17-1 

SO-1 

3*7 

Geiierai average . 

• 

12*0 

tm 

17*0 

98*3 1 

3*9 


It will be seen that the proportion of sterile spikelets on the main panicle has 
varied from nearly 38 per cent, in 1922 to about 22 to 23 per cent, in 1923 and 1924. 
As with other strains the sterility was much less in 1923 than in 1922, but in both 
years it was considerably greater with this than with the strains previously described. 
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Tlio above ligiireB deal with the main panicle. The following show the yields 
from the main and average panicle and from the whole plant : — 


The character of the spikelets themselves is shown by the following determina- 
tion of average length and breadth, while the size is shown by the number of 
spikelets per gram. . 


This shows how much smaller is the grain than in the strains previously con- 
sidered. 

Stmiu No, 32. 

Strain No. 32 is later than those previously considered and belongs to the late 
types. It is one of the selections which have the finest and hence the lightest grain, 
but it yields well. It is specially valuable as combining fairly good yield and fine 
quality of grain which fetches a good price in the market. The colour of tlm husk 
is pale yellowish, brown, and that of the kernel is white. The grain on polishing 
is quite white and flinty. 

With a normal sowdng date about 6th to 10th June, the date of flowering has 
varied from October 4th to 8th ; and the length of time from sowing to flowering 
from 118 to 122 days. The strain ripens in 145 to 150 days, and thus needs from 


, Year ; ' ■ 

Average '■ 
length of 
si^ilvelet 

Average 
breadth of 
spikelet 

Number of 
spikelets 
l)ergram 


1 ■ ' ' ' mm. ■ ’ 
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1922 . . . . 

8-2 

2*30 

CG 

1923 . . . . . 

. . 8-2 

■ 2*40/^ ■ ■ 1 

73 

1924 . 

8-3 

2*30 

71 

General a,verage . 

8-23 

2*33 
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Year ' 
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panicle 

1 , . ' 

Yield of ^vhole • 
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gram 

1 gram 

1922 , . . 

3*7 

3*0 

30*5 

1923 . . . 

4*2 ■ 

2*7 

[23-4 

1924 . 

3*7 

2*6 

:22'4 

General average . . 

; 3*9 . 

.2-S. 

254 
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Till* avornge mimln'r of fertile tillers per piam wlieii -irowii under the condition 
previously described varied froru an averaiie of H-H in 11)23 and l)-7 in 1922 to 14*9 
in 1921.* The general average is 1M per plant. Of this total number of tillers, 
8-4, 9-0 and 1 1-0 yielded fertile earlie.ids in 1923. 1922 aiui 1921 respectively. The 
])ropoTtion of tillers wliieli are fertile has thus been 9.‘)-.5 per cent, in 1923, '92-8 per 
Cent, in 1922, and 9 bU percent, in 1921, on llie general average of 94-3 ]>er cent. 

The height of the |t]aiit has varitnl from an average of I3T-31 cm. in 1923 and 
134-6 cm. in 1922 to lol cm. in 1921 ; the average height in three different years 
at Karjat being 111 cm. The panicle length is al)oiit average for Knlamba rices, 
and has varied from 22'9 to 25-1 cm. in tlie four years under study. 

Details as to the eliaracters of the jianicle, based on a study of the main 
panicle only, are as follows 

Main panMe clmtavlei's. 
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braiiel'ie^i 
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Xd. of 
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{laiiit'lu 
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i im\ .... 

■ 12-5 ■ . 

' 42»l 
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4*4 
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12 -n 
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18*7 

110*9 
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1 W2:i , . . .■■■■. 

■ 12*0 

■ ■ 4.<l,l 

20d) 

lH)-2 
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. 1924 . . , 

■12*a .. 

42H 
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' "ICMKl 
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i GoDDi’iil avuriDje . , , 

1241 

44B 

18*2 

■ '1074I: 
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• ; , It will be seeu that the proportion of sterile spikelets on the main panicle has 
: : Varied L»et\veen nearly 30 per cent, in 1921, nearly 24 per cent, in 1922, and 25 to 
: ' ,26 per cent, in 1923 and 1924. Unlike the earlier strains, the percentage of sterility 
; ; was not lower in 1923 than in the previous year. 


Tlie above figures deal with the main panicle. The following show the yields 


, ! from the main and average panicle and from the whole plant. 
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♦ The spacing in the field in 1921 was wider tlian in succeeding years. 
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The character of the spikelets themselves is shown by the following determination 
of average length and breadth, while the size is shown by the number of spikelets 
per gram. 


■Year " 

Average 
length of 
spikelet 

Average 
breadth of 
spikelet 


Him. 

mm* 

1921 . . . . . 

7-8 

• 2*20 ' 

1922 . . 

7-9 

2-20 

1928 . . . . 

7*8 

2*30 

1924 . . . . 

7-8 

2-20 

General average 

7-82 ■ 

2-22 ■ 


Number of 
spikc^leths 
per gram. 



Tlie fineness of the grain even as compared with the fairly fine type No. 153 
is well illustrated by these figiires. " 

Strain No. 35. 

This strain is similar to that last described as regards time required to produce 
flowers and to mature. It represents absolutely the finest type in the selections 
made, and is curious moreover as having the largest number of branches and the 
largest number of spikelets in the main panicle. But it also shows the liighest 
sterility. The panicle is the densest among the strains isolated. It is a useful 
strain, as combining a fairly good yield and fine quality of grain. The colour of the 
husk is light and the grain is white and flinty and polishes well. It seems very 
liable to the disease kiown as false smut. 

With a normal sowing date about June 6th, the date of flowering has varied 
from October 4th to 8th ; and the length of time from sowing to flowering from 
120 to 124 days. The strain ripens in 145 to 150 days, and thus needs from 25 to 
26 days from flowering to ripening. 

The average number of fertile tillers per plant when grown under the conditions 
previously described varied from 7-7 in 1922 and 1923 to 13*1 in 192L'*' The general 
average is 9*6 per plant. Of this total number of tillers 7*2, 7*4 and 12*5 yielded 
fertile earlieads in 1923, 1922, and 1921 respectively. The proportion of tillers 
which are fertile has thus' been 93-| per cent, in 1923, 96 per cent, in 1922, and 95| 
per cent, in 1921 on an average of 96 per cent. 

The height of the plant has varied from 136 cm.to 148 cm., the average^ of three 
years at Karjat being 142 cm. The panicle length has lain between 23*6 cm. and 


* Tlie spacing in the held in 1921 wa-s wider than in succeeding years. 









Yiold of 
main 
panicle 


llFMAims 


♦rJje number of plants was 
only i\l or comparatively 
I small and the edge elTect 
!i <-u;isid<'rable. 


grm, 

5-8 

54 

4-9 

4-9 


aSTiimbcr of 
splkelets 
j)or gram 


Umierai average 


Average 
breadth of 
spikelet 


The character of the spikelets thc.msclvo^ is nhown by the following cletennma* 
lion of average length and breadthj while the is shown hy the ntnnber of spikelets 
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2r>di mi, wit'll the average of 2M; em,, or again about tlit‘ average for Kohmba 


Detfiiis m to the character.^ of the paniehn liased on a study <»f the main panicle 
only, arc as follows : 
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The pnjjHWthm of stcrih^ spikelets is higln and has varied, ! froiii 21-b percent, 
in 1923 to nearly 2't ami 25 pw <*cnt rosjieetivcly in 1921 and 1922. In this strain 
there was a lower ])ercentage in 1923, as with tin* earlier straiits prinnously rles- 
ctilied. 

The above tignres deal witli tlie main panicle: the folhnvijig show the yields 
from the, main and mrftuje panicle and from tlu^ whole plant. 
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These figures show that in fineness this strain is as 
superior to No. 32, described above. 


Main fanide characters, 
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Tlui chararter of th(‘ spikeliR^g thoHisolv<\s Ls sliowti br the following detemiiua- 
tioot^ of tlu'ir average length and breadtli, while tlie ^i/ie is siunvn by the number 
of spikeletB ]>er gram. 
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.Plate VIL 


'i his was a |a»or season. 


Tlie pToporiitm of sterile spikeiets has varied frnm 15 ^^ por ecmt. in. lR 2 i to 21 -| 
per cent* in 11122 . and to 17 and 18 per ee.iit'. in lb 2 :'ht!icl 1 924 : respectively. The 
average for the f*iur years is 18 per cent. 

The above figures dt*al with the main pani('le : the foilowiiig .show' the^p^^ 
froni the main ami uvetvge [lanide. and from the whole plant. 


Stmiu No. I2L 

This strain, though it would still be elaHsified as a late or ‘ main crop ^ strain, 
yet it is about ten days latei' in maturing than the last three described. It is the 
tallest of all the selections, has the longest and heaviest panicle and the thickest 
grains. Unfortunately, though it lias been under cultivation since 1920, yet close 
detailed plant to plant observations were only made in 1922, and hence it is not 
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,Bsil)le to coiupare its characters with complete coufideiice with the average ngures 
r the other strains. It has only theoretical interest as, though it yields very 
rrhlv the grain is too coarse for the market expectation of a Kolmiba xice. 

^ With Juno 13 as the sowing date, the date of flowering in 1922 was October 9 i 
, 10th "iviug a period of growth to flowering of 118 to 119 days. The strain rii«ns 
, 150 to 155 days and thus needs about 30 days or so from flowering to ripening. 

The average number of fertile tillers per plant when grown under the conations 
revioiislY described was 9-1 per plant, and the fertile earheads numbered 7-7 per 
hint. This gives a proportion of fertile earheads to total tillers of 8o per cent. 

The hei<dit of the plant in 1922 under the Karjat conditions was lt)7 cm. on the 
the iJiclo length reached 30-1 cm. Detaile aa to the «.»> ol 
he panicle, based on a study of the main panicle only, are as follows . 

Mahi pMicle characters. Year 1922. 

' ... * 

jX umber uf brjuichea • • • * * * 

Total of siJikelots . . . • 

.Density of paiiiclo . . • ' ’ ^2 

No. of sterile .* ! , 5-S grams. 

Yield of grain * 

The OToportion of the sterile spikelets was nearly 24 per cent, in 1922 
The ibove figures deal with the main panicle ; the follmvmg show the yields from 
the main and average panicle, and from the whole plant in 19-2. 

Year 1922. 

, . 5*8 grams. 

Yield of main panicle . 4-5 

Yield of average '.j,. 

Yield of whole plant 

The chaBctei ot the epikelete themeelvee ie .hewn by the following detemina- 

tions 


■■■ _ ■■■■■ • ■ ■ . ■ ^ . , ■ ■ ■ . '''8*8 inni- 

Ave.ragc length of ^ ^ 2.(j min. 

Average breadth of * ' * 51 

Xximbcr of spikeiets ])cr gram • 

These figures illustrate the relative coarseness of the grain in this strain. 

Strain No. 104. 

VI. • M. ini k the latest of all the selections made and requires about 160 

rrjw tewing to ripening 

ft":; r S-r^n tlelTer hand It h. -leet nnnrber 



Tlic proportion of sterile spikelets bats x-airiecl from 10-S per cent, in 1922 to 12-7 
pt.tr cent, iu 3923, and to 10 per cent, in 1921. or a general aiveratgo of 11-2 per cent. 
This, it will be noticed, is very low for Kolumha rice. 

The tibovp figures dead with the niaiin pttnicic ; the following show the yields 
from the inaiin and aiverage jtanicle, aind from tin? whole itlant. 
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of spikelets on the main panicle wMcli is loose in formation, ’.riie sterility is very 
low. The grain is somewhat coarse, and the straw is strong. 

With a. normal sowing tkte about June Othj the date of .flowering has varied 
from October 17th to I9th, giving a period of growth to flowering of 130 to 135 days. 
The strain rif^eiis in about 100 to 105 days, so that it requires about 30 days from 
flowering to ripening. 

The average lunnber of fertile tillers }>ei‘ plant, when grown under the conditions 
j reviously described, was 10-6 in 1U2?k and 14/1 in 1922. The general average is 
thus 12*3 ]ier ])lant. Of this Xo. of tillers 9-7 in .1923 and 11*7 in 1922 bore fertile 
earheads, or a jiroportion of 9T5 per cent, in 1923 and per cent in 1922. This 
gives an average of just over 87 ]>er (*ent. 

The lieiglit of the plant has varied, from 131 cm. to 131. cm, Tliat is to say, its 
averagt^ (1321 cm.) is just alioiil that of tlie variety. Tlic panicle length has lain 
iKUwemi 2-1*3 and 2-T8 cm. with an average at 2-1-5 cm. 

Details as to tlie <*haracier of the paniedes. bused on a study of tlie main panicle, 
are as follows 

Mam vhiiract(‘^\^. 
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The character of the spikelets themselves is shown by the following determina- 
tions of their average length and breadth, while the size is shown by the number 
of spikelets per gram. 


Year 

Average 
length of 
spikelet 

Average 
breadth of 
spikelet 

Number of 
.spikelets 
per gram 


nim. 

mm. 


■" 1922 

8-30 

2-40 

58 

1923 . . . . 

8-00 

2-30 

58 

. 1924 ..... 

8-50 

2-80 

54 

General average . ' . ' . 

8-46 ' ^ 

2*33 

57 


Summary. 

It will be seen that, while all the types just described contain the general 
characters of the Kohmba rice, there is a very wide range of variation both in the 
botanical and in the economic characters. These may now be summarized, basing 
the results on the general average of each type for the years studied. 

1. Plant characters. 


Strain No, 

Period for 
ripening 
grain 

No. of 
fertile* 
tillers 

Proportion 
of fertile 
tillers 

Height of 
plant 






days 


per cent. 

cm. 

79 . 


• 



110-115 

0‘0 

91 

'125 

■104 


. 



135-140 

9-2 

87 

141 

' 153 • 




, 

135-140 

9*9 

95 

139 

■ 32 ■ ■ ' 





145-150 

IM 

94 

141 

'■'35 





i45-15f) 

9-5 

' 95 ■ 

142 

'42'' 


. 


. 

145-150 

10-4 

90 

137 

121 • 


• 

. 


150-155 

9-1 

85 

167 

104 . 



• 


165 

12-3 

. 87 

'' 132' ■' 


Lu ’''These averages wui nave hv ue engiivxjr 

¥ except in the case of Strains 153, 104, 121 and 104. 









^’uiiiber 

of 

splkelc'ts 


Porceiitaife 

of 

sterility 


Density 

of 

pauicle 


Met {Gmin} elmracters. 


9-6 
12 -S 
17-8 


EOLAMBA BiCE OF TUB Auimi KOyKAK AXI) ITS IMPEOVEMENT 
IL FuitiGe ehararters based on tie Main jmiicle. 
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Yield of 


Strain Ko. 


gmn 


These iigiires aie lilgh 
owing to uneven spacing 
.in 1921 and coiise(|_i'i 0 nt, 
edge effect. 


In coiiclnsioB, we aie miicli indebted to Dr. H. H. Maiin^ tbe Director ol 
Agiicnltuie, Bombay Presidency, for making valuable suggestions in presenting 
the facts and figures embodied , in this paper. ■ 
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